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 A groselha do Ceilão (Dovyalis hebecarpa) é uma fruta exótica de coloração roxa 
quando madura. Não foram encontrados trabalhos que identifiquem os principais 
compostos fenólicos na espécie, ação antioxidante e efeitos biológicos. Sendo assim, além 
da otimização da extração, esse trabalho avaliou os principais compostos fenólicos na casca 
e polpa de D. hebecarpa por cromatografia líquida acoplada a espectrômetro de massas 
(CLAE-DAD-EM), o potencial antioxidante in vitro e o efeito sobre a resposta imunológica 
em camundongos. Com exceção da razão entre amostra e solvente, avaliada 
univariadamente, a otimização das variáveis de extração foi realizada utilizando 
planejamento experimental multivariado. O processo otimizado foi realizado em menor 
tempo (20 minutos), com menos solvente orgânico (20% de acetona) e com maior 
rendimento (aumento de 10% no teor total de compostos fenólicos e de 26% no teor total de 
antocianinas monoméricas) do que a metodologia inicial. A caracterização do perfil de 
antocianinas revelou que D. hebecarpa é fonte de compostos não acilados, sendo 
delfinidina-3-O-rutinosídeo e cianidina-3-O-rutinosídeo os majoritários. Casca e polpa 
possuem composição similar, no entanto, maiores concentrações são encontradas na parte 
externa do fruto. Amostras de dois anos consecutivos e em duas datas de amostragem 
foram recolhidas para avaliação de variações entre estações do ano. Considerando que a 
ação antioxidante se dá por diversos mecanismos, metodologias de FRAP, ABTS e ORAC 
foram empregadas. Os maiores resultados de atividade antioxidante foram obtidos com a 
metodologia de ORAC, indicando marcada atividade sequestradora de radicais peroxil dos 






significativos sob os teores de antocianinas, de compostos fenólicos e capacidade 
antioxidante, foram observados devido à variação climática entre as datas. Adicionalmente 
foram avaliados parâmetros biométricos e composição nutricional. Alterações no peso e 
tamanho dos frutos (p<0,05), assim como, na composição nutricional (p<0,05) foram 
observadas. Esses resultados, possivelmente, devem-se as diferenças de disponibilidade de 
água e incidência solar entre as datas de amostragem. Os valores médios dos teores de 
compostos fenólicos e antocianinas encontradas são similares aos relatados para outras 
frutas vermelhas. Nos testes in vivo, camundongos C57Black6 foram divididos em 4 grupos 
que receberam por 5 dias uma dose diária de extrato bruto em alta, média e baixa dosagem 
(32μg, 16μg e 8μg equivalentes de cianidina-3-O-glucosídeo/animal, respectivamente). 
Para o grupo controle foi utilizada solução salina. Após 24 horas do fim do tratamento, os 
animais foram imunizados com OVA (ovalbumina), conforme metodologia padrão. No 14˚ 
dia, os animais foram sacrificados e os tecidos recolhidos para análise. Foram monitoradas 
a proliferação celular em baço e linfonodos, assim como, sua diferenciação em linfócitos T 
CD4+/CD8+ por citometria de fluxo. Os grupos tratados com CGCE apresentaram redução 
na proliferação celular em linfonodos, assim como na razão CD4+/CD8+. Sendo assim, os 
resultados indicam um possível efeito anti-inflamatório do extrato aquoso bruto de groselha 
do Ceilão, porém pesquisas adicionais de caracterização de citocinas e tratamentos 
prolongados são necessárias para confirmação dos resultados encontrados. Palavras 





 D. hebecarpa is a dark purple/red berry produced in Brazil as an exotic fruit with 
potential for large scale production and commercialization. Fruits are believed to contain 
high phenolic and anthocyanin concentration that provide color and defense to the plant. 
Moreover, these compounds have been extensively studied for their antioxidant activity and 
potential human health benefits. Thus, this work has optimized extraction prior to the skin 
and pulp anthocyanin profile characterization by HPLC-PDA-MS aiming to obtain the 
simplest and mildest conditions with maximum phenolic yield. Moreover, it was evaluated 
in vitro antioxidant capacity and the effect of water-based crude extract on immune system 
of mice. Solid-liquid ratio was determined in a linear experiment using ANOVA and Tukey 
(p<0.05). Acetone, ethanol and water were the extraction solvents evaluated by Simplex 
Lattice design. Time and acid concentration were evaluated using response surface 
methodology (RSM) to determine variables effect and their interactions. The optimized 
conditions achieved were: solid-liquid ratio of 1:120, acetone 20% with 0.35% formic acid, 
20min, and no re-extraction. However, satisfactory results were obtained using just water as 
solvent. The optimized extraction used less organic solvent than the other conditions tested 
and showed higher yields than the initial ones (an increase of 10% and 26% of total 
phenolic compounds and total monomeric anthocyanins, respectively). The analytical 
HPLC chromatogram showed five major anthocyanins (Delphinidin-3-glucoside, 
Delphinidin-3-rutinoside, Cyanidin-3-glucoside, Cyanidin-3-rutinoside, and Petunidin-3-
rutinoside) in addition to two minor pigments (Peonidin-3-rutinoside and Malvidin-3-




antioxidant measurements. High concentration of phenolics and anthocyanins were detected 
in skin samples with the same anthocyanin profile of pulp part. FRAP, ABTS, and ORAC 
methodologies were used to evaluate antioxidant mechanisms. A strong peroxyl scavenger 
capacity was detected for D.hebecarpa samples by ORAC methodology which could 
indicate possibly health effects of fruit consumption. Significant variations of anthocyanin, 
total phenolic content, and antioxidant capacity were observed in pulp and skim possibly as 
a result of weather conditions. Concomitantly, biometric parameters and nutritional 
composition seems to be affected as well (p<0.05). C57Black6 mice were used for in vivo 
evaluation of immuno-modulatory effect of water-based Ceylon gooseberry crude extract 
(CGCE). Animals were treated with high, medium, and low dosages of CGCE (32μg, 16μg, 
and 8μg cyanidin-3-O-glucose/animal/day, respectively) during 5 days. Saline solution was 
used as a control group. Animals were challenged after 24 hours from the last dose using a 
standardized immunization protocol with OVA and CFA. After euthanasia, blood, spleen, 
and lymph nodes were collected and analyzed. Cell proliferation using MTT and 
lymphocyte profile by flown citometry was determined in spleen and lymph nodes, as well 
as IgG levels in blood samples. Results indicate a possible anti-inflammatory effect. Since, 
there was an decrease in lymph node cell proliferation response as well as in CD4+/CD8+ 
ratio. In summary, D. hebecarpa is a rich source of anthocyanins with concentration levels 
as high as reported for other berry fruits. The strong antioxidant activity and some 
evidences of in vivo anti-inflammatory effects suggest this fruit as source for future 
scientific works aiming to evaluate possible health effects. Key-words: Dovyalis 
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 Important for surveillance, phenolics are secondary metabolites found in high 16 
concentration in berries. The role of these compounds in health promotion and disease 17 
prevention has stimulated scientific works on new sources and chemical characterization. 18 
Antioxidant activity, interaction with enzymes and other molecules are some of possible 19 
mechanism of which phenolics can act. Moreover, immune-modulator effects were recently 20 
reported as enrolled in chemopreventive and anti-inflammatory properties. Thus, this 21 
review presents a summary of major phenolic compounds in berry fruits, its analytical 22 
methods, and health effects. Moreover, Ceylon gooseberry (Dovyalis hebecarpa) is 23 
presented as a new source with potential for future research. Key-words: berries, 24 




 A classificação de frutos geralmente é feita considerando as condições de solo e 27 
clima para o cultivo, ou as características morfológicas. No entanto, o termo frutas 28 
vermelhas é uma designação usual para frutos pequenos com formato arredondado e alto 29 
teor de antocianinas, principal fator responsável pela intensa coloração vermelha a roxa1. A 30 
aparência atrativa e a considerável presença de fitoquímicos, com comprovada ação 31 
antioxidante e prováveis efeitos relacionados a promoção da saúde 2, 3, 4, são alguns dos 32 
fatores que incentivam o consumo de frutas vermelhas. Além disso, a comercialização da 33 
produção é feita a um alto valor agregado na forma in natura, podendo ainda serem 34 
utilizados na produção de outros alimentos derivados, como geléias e sucos.3  35 
 Diversas espécies de frutas vermelhas são produzidas em território nacional, sendo 36 
o açaí a espécie brasileira de maior popularidade internacional3. O morango é a cultura de 37 
maior produção devido a alta rentabilidade, amplo conhecimento e aceitação. O  mirtilo, 38 
com aumento crescente na demanda, apresenta entre as propriedades nutracêuticas o alto 39 
teor de polifenóis e, as amoras-pretas somente começaram a ser produzidas com o 40 
desenvolvimento de cultivares nacionais (Tupi, Guarani e Caigangue). Visando atender a 41 
demanda nacional e internacional, existe uma forte tendência no aumento e na 42 
diversificação de cultivo de frutas vermelhas5. 43 
 A groselha do Ceilão (Dovyalis hebecarpa) é uma espécie exótica de fruta vermelha 44 
com intensa coloração roxa da família das Salicaceae, classificada antigamente como 45 
Flacortiaceae. O fruto também é usualmente chamado de ketembilla, na língua inglesa. 46 
Atualmente está sendo produzido na região do sudoeste brasileiro como uma fruta exótica. 47 
8 
No entanto, sua origem é asiática principalmente da ilha de Sri Lanka sendo, 48 
posteriormente, introduzida na Florida onde foi desenvolvido o fruto híbrido da D. 49 
hebecarpa com D. abyssinica.6,7 Na literatura consultada, não foram encontrados trabalhos 50 
sobre a caracterização do fruto groselha do Ceilão com relação a compostos fenólicos, 51 
apenas, informações sobre a composição de antocianinas na casca do fruto híbrido.8  52 
 Pesquisas recentes relatam a presença de quantidades consideráveis de fenólicos em 53 
outras frutas vermelhas, como morangos9, 10, 11, uvas12, mirtilo13, oxicoco ou cranberry14, 54 
amora-preta15 entre outras16. Antocianinas e outros flavonóides, ácidos fenólicos e taninos 55 
são os principais compostos já identificados nesses frutos. Além disso, a atividade 56 
antioxidante de extratos de frutas está altamente correlacionada com o teor total de 57 
compostos fenólicos, determinado pela metodologia de Folin-Ciocalteu, e antocianinas 58 
totais 17, 18, 19, 20. 59 
 A diversidade estrutural, as interações com outros componentes da amostra, assim 60 
como, as características físicas do fruto são alguns dos fatores responsáveis pela 61 
complexidade para extração e análise de compostos fenólicos não existindo uma 62 
metodologia universal de análise 21. Consequentemente, diferentes métodos de extração são 63 
relatados na literatura 11, 15, 22, 23, assim como, trabalhos de otimização da extração para uma 64 
amostra em específico 24, 25, 26, 27, 28.  65 
 A identificação e quantificação desses compostos, com sensibilidade e eficiência, 66 
requer o uso de técnicas modernas de análise, como o uso cromatografia líquida de alta 67 
eficiência (CLAE) com detecção de arranjo de diodos (DAD) acoplada a espectrometria de 68 
massas (High Performance Liquid Chromatography, Photodiodo array detection, Mass 69 
9 
Spectrometry tandem, HPLC-DAD-MS/MS), eletroforese capilar de Zona (Capillary Zones 70 
Electrophoresis, CZE) e em alguns casos ressonância magnética nuclear  (Nuclear 71 
Magnetic Ressonance, NMR). Muitas vezes, para a correta identificação de uma classe de 72 
compostos, se faz necessária a purificação de extratos e isolamento de frações, sendo o uso 73 
de técnicas de extração em fase solida (SPE - solid phase extraction) com cartuchos de C-74 
18 o mais usual 21, 29, 30. 75 
 Existe um grande interesse no estudo das propriedades funcionais de compostos 76 
fenólicos com os principais relatos na literatura envolvendo a ação antioxidante e seus 77 
benefícios relacionados 21. No entanto, outros mecanismos, como modulação da ação 78 
enzimática e de receptores celulares também são propostos para a ação de compostos 79 
fenólicos no tratamento e prevenção de doenças 31. Sendo assim, diversos trabalhos relatam 80 
a ação de flavonóides, por exemplo, em doenças cardiovasculares 2, 32, no câncer 33, 34, 35, 36 e 81 
em lesões neurodegenerativas do envelhecimento 37. 82 
 Considerando a importância do conhecimento de novas frutas como fontes de 83 
fitoquímicos com possíveis efeitos na prevenção de doenças e promoção da saúde, esse 84 
trabalho apresenta uma revisão sobre a composição de fenólicos majoritários já 85 
determinados em frutas vermelhas e seus métodos de extração, isolamento e análise. Serão 86 
discutidos também alguns trabalhos com evidências de efeitos biológicos associados à ação 87 
sobre o sistema imunológico e capacidade antioxidante. Além disso, informações 88 
disponíveis sobre os frutos de D. hebecarpa serão apresentadas como uma proposta para 89 
futuras pesquisas na exploração dessa fruta como fonte de compostos fenólicos.  90 
 91 
10 
1. Frutas vermelhas: perfil de compostos fenólicos majoritários 92 
 Os compostos fenólicos são produtos do metabolismo secundário de plantas, 93 
originados durante o metabolismo normal e em situações de estresse, nas vias dos ácidos 94 
chiquímico, malônico e mevalônico. São importantes para a reprodução e crescimento, 95 
promovendo a proteção da planta contra patógenos, predadores e, inclusive, contra 96 
variações no conteúdo de água, níveis de luz, exposição à radiação UV e deficiência de 97 
nutrientes minerais. Além disso, contribuem para a cor e sabor de frutas e vegetais sendo 98 
característicos ao vegetal onde são produzidos38, 39. Essas características aumentam a 99 
atração de animais pelo pericarpo de frutas e, assim, auxiliam na propagação da espécie 100 
pela dispersão de sementes 38. 101 
 Estruturalmente, os compostos fenólicos são constituídos por no mínimo um anel 102 
aromático com um ou mais grupamentos hidroxilas substituintes, variam de moléculas 103 
fenólicas simples a compostos altamente polimerizados. Naturalmente, são encontrados nas 104 
formas conjugadas com mono ou polissacarídeos, ligados a um ou mais grupos de 105 
compostos fenólicos, podendo também ocorrer na forma de derivados funcionais, ou seja, 106 
ésteres e metilesteres. Existem cerca de oito mil fenóis, classificados conforme suas 107 
características estruturais21, 39, 40, 41. Del Rio e colaboradores40 propuseram uma 108 
classificação inicial em flavonóides e compostos fenólicos não-flavonóides, o primeiro 109 
correspondendo ao grupo com maior diversidade estrutural possuindo esqueleto carbônico 110 
C6-C3-C6 em comum e, o segundo, composto por ácidos fenólicos (C6-C1, C6-C3), taninos 111 
hidrolisáveis e estilbenos (C6-C2-C6) (Tabela 1). 112 
11 
 Os grupos ou classes de flavonóides podem ser diferenciados, estruturalmente, pelo 113 
grau de saturação e oxidação do anel C da estrutura básica formada por 15 carbonos 114 
(C6(anel-A-)-C3(anel-C)-C6(anel-B)), o anel 2-fenilbenzopirano (Figura 2A) 
42, 43. 115 
 Dentre os flavonóides de maior incidência em frutas vermelhas, as antocianinas, são 116 
responsáveis pela intensa coloração vermelha à roxa. Além da possibilidade de serem 117 
utilizadas como substitutos de corantes sintéticos em alimentos 44, 45, 46, a relação entre sua 118 
capacidade antioxidante e possíveis efeitos benéficos à saúde são focos constantes de 119 
pesquisas 4, 34, 47. São estruturalmente divididas em duas ou três partes: uma base aglicona 120 
(antocianidina), açúcares e, alguns casos, grupamentos acil. Existem cerca de 25 agliconas, 121 
sendo somente 6 as de maior ocorrência em frutas vermelhas (Tabela 1, Figura 2D). 122 
Compostas de um esqueleto carbônico com 3 anéis principais, C6(A)-C3(C)-C6(B)), com 123 
possibilidade de glicosilação nos carbonos 3 e 5 à açúcares que  podem ou não estar 124 
acilados a ácidos fenólicos. Conforme relatado por He e Giusti48, as 6 principais 125 
antocianidinas formam a estrutura central de cerca de 635 diferentes antocianinas já 126 
identificadas 48.  127 
 Segundo Wu e Prior 49, o perfil de antocianinas em frutas pode ser dividido em dois 128 
padrões de distribuição comum.  O primeiro é caracterizado por uma sequência de 129 
diferentes antocianidinas contendo o mesmo padrão de glicosilação, sendo chamado pelos 130 
autores de "sugar-determined group" e, o segundo, com a presença dominante de uma 131 
antocianidina possuindo diferentes padrões de glicosilação e/ou acilação. Esse último, 132 
nomeado como "anthocyanidin-determined group", podendo ou não apresentar outras 133 
antocinidinas em menores concentrações. 134 
12 
 A análise de trabalhos recentemente publicados foi utilizada para a construção da 135 
Tabela 2, na qual são listados os compostos fenólicos majoritários encontrados em algumas 136 
frutas vermelhas, em ordem crescente de concentração. Portanto, nos dados estudados, foi 137 
possível observar o comportamento similar ao relatado por Wu e Prior49. Sendo o açaí, a 138 
acerola, o cranberry, a groselha preta (Ribes nigrum L), o fruto híbrido dovialis, todas as 139 
variedades de mirtilo, as duas espécies de amoras pretas, a groselha vermelha (Ribes 140 
nubrum L) e a uva concord as berries com padrão de glicosilação semelhante entre 141 
diferentes antocianidinas. Somente as duas variedades de morango, a pitanga e a casca de 142 
uva bordô são as frutas pertencentes ao segundo grupo de distribuição comum, com uma 143 
antocianidina predominante e diferente padrões de substituição.  144 
 As estruturas glicosiladas de cianidina, seguida de delfinidina e malvidina, são as 145 
antocianidinas de maior ocorrência nas fontes consultadas (Tabela 2), sendo glicose e 146 
rutinose, o mono e o dissacarídeo de maior ocorrência. Essas observações estão de acordo 147 
com o relatado por Andersen e Jordhein 50 que, considerando publicações de 1992 até 2006 148 
em diversas fontes de antocianinas, apontam como de ocorrência majoritária as agliconas, 149 
cianidina (30%), delfinidina (22%) e pelargonidina (18%) e a presença de glicose em 90% 150 
das estruturas identificadas. Poucas frutas vermelhas podem ser consideradas fontes de 151 
antocianinas aciladas, sendo as únicas entre os compostos majoritários listadas na Tabela 2, 152 
o morango com pelargonidina-3-malonil-glucose 10, uvas Bordô com a malvidina-3-trans-153 
cumaroilglucose-5-glucosídeo 12, uva Concord com a delfinidina-3-(6"cumaroilglucose)-5-154 
glucosídeo e a cianidina-3-(6"cumaroilglucose)-5-glucosídeo 49. 155 
 A concentração total de antocianinas varia muito entre as diferentes frutas 156 
vermelhas, sendo que os maiores teores são relatados para o açaí (282-303 mg cianidina-3-157 
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glucose equivalente/100g de fruta fresca)51, amora-preta (116-194 mg/100g)52 e groselha 158 
preta ou cassis (222,3-401,3 mg/100g)53, mirtilo (215,6 mg/100g e, em amostras nacionais, 159 
4,1 a 138,7 mg/100g)14, 54 e os menores em acerola (6,4-8,4 mg/100)8 e morango (8,5-65,9 160 
mg/100g)9. 161 
 Os flavonols, representados principalmente por quercetina, kaempferol e miricetina, 162 
são caracterizados estruturalmente pela presença de hidroxila em C3 e grupamento cetônico 163 
em C4 (Figura 2B)42. Podem estar ligados a açúcares, majoritariamente glucose, galactose e 164 
ácido glucurônico, e dependendo do grau de hidroxilação apresentam mudanças na cor, 165 
atividade antioxidante e estabilidade. Desempenham o papel de proteção contra radiações 166 
UV nas plantas, sendo encontrados majoritariamente na cascas de frutos, dentre eles a uva 167 
55.  168 
 Quercetina e miricetina glicosiladas são os flavonols de maior ocorrência entre os 169 
compostos majoritários de frutas vermelhas (Tabela 2), sendo seus derivados de O-170 
raminosídeo e O-glicosídeo os compostos em maiores concentrações em pitanga vermelha 171 
e, após cianidina-3-O-glicosídeo, em pitanga roxa8. A uva (Vitis labruca) é outra fonte com 172 
concentrações significativas de miricetina e quercetina glicosiladas, sendo os compostos 173 
predominantes na polpa do fruto além de laricetrin-3-O-glucosídeo e sirigetrin-3-O-174 
glucosídeo12. Além disso, quercetina-3-O-galactosídeo e quercetina-3-O-glicosídeo foram 175 
encontrados em cranberry 14, 49 e morango9.  176 
 Flavanols, identificados pela hidroxila em C3, podem ser encontrados na forma 177 
monomérica (Figura 2C), polimérica e oligomérica (Figura 2E). A (+)-catequina, o seu 178 
isômero, a (-)-epicatequina e seu éster de ácido gálico, a epigalocatequina, são os 179 
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monômeros de maior frequência. Taninos condensados e proantocianinas são as 180 
denominações usadas para estruturas oligoméricas e poliméricas de flavan-3-ols. Existem 181 
dois tipos de proantocianinas, as do tipo B, com ligações C4-C6 e C4-C8, e as do tipo A, 182 
com ligações C2-O-C5 e C2-O-C7 adicionais (Figura 2E)42. A principal função desses 183 
compostos em plantas é a de conferir adstringência, característica resultante da capacidade 184 
de  precipitação de proteínas e muito importante na defesa da planta contra predadores. 185 
Para qualidade de alimentos desempenham papel importante na qualidade de vinhos e, 186 
contribuem para a estabilidade microbiológica e oxidativa 43. 187 
 Catequina e o seu isomero, (-)-epicatequina, assim como, dímeros e trímeros de 188 
proantocianinas são relatados como compostos majoritários em cranberry 14,49 e em 189 
quantidades significativas no morango (2 - 8,1 mg; 16,1 - 4,6 mg; 18,8 - 3,0 mg por 100g 190 
de fruta para catequina, dímeros e trímeros de proantocianinas, respectivamente)9. 191 
 Os ácidos fenólicos são distribuídos em duas classes conforme suas características 192 
estruturais, os ácidos hidroxibenzóicos e hidroxicinâmicos (Figura 3A, B). Os primeiros, 193 
estruturalmente caracterizados por um anel fenólico ligado ao grupamento funcional ácido 194 
(C6-C1), tem como compostos de maior ocorrência os ácidos gálico, p-hidroxibenzóico, 195 
vanílico e siríngico. Possuindo uma cadeia lateral com três carbonos, os ácidos caféico, 196 
ferúlico, p-cumárico e sináptico são os compostos derivados do ácido hidroxicinâmico mais 197 
frequentes, além do produto da esterificação do ácido caféico com quínico, o ácido 198 
clorogênico 21,56.  Esse último encontrado como composto fenólico majoritário em 199 
variedades de mirtilo Toro e Legacy13 (Tabela 2).  200 
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 A análise de compostos fenólicos em 27 diferentes cultivares de morango 201 
identificou o ácido p-cumárico ligado a uma hexose como um dos compostos em maior 202 
concentração na espécie, com valores variando de 1,7 mg a 13,6 mg por 100 g de fruto 9. p-203 
cumárico-glucosídeo também foi identificado como composto majoritário em polpa e casa 204 
de uva Bordô, além do ácido trans-caféico 12 (Tabela 2).  205 
 Taninos hidrolisáveis é outra classe de polifenóis caracterizada estruturalmente por 206 
um poliol central, geralmente glicose, esterificado a ácidos fenólicos, o ácido gálico no caso 207 
de galotaninos (Figura 4A) e, o ácido elágico no caso de elagitaninos (Figura 4B). 208 
Lambertianin C e Sanguiin H6 são dois elagitaninos com ocorrência entre os principais 209 
compostos fenólicos em amora preta (R. adenotrichus e R. glaucus, Mertz et al., 2007) e 210 
framboesas vermelhas (R. ideaeus L) ambas pertencentes ao mesmo gênero.  211 
 Diversos trabalhos relatam as variações na concentração e no perfil de compostos 212 
fenólicos observado em diferentes variedades de uma mesma espécie de fruta vermelha 8, 9, 213 
15, 52, 53, 57. Além disso, mudanças significativas na concentração de fenólicos podem ocorrer 214 
devido a diferenças de altitude, temperatura, radiação solar e disponibilidade de água 215 
durante o cultivo de uma espécie 53, 58, 59, ou mesmo, devido a condições de armazenamento 216 
pós-colheita 60. Zheng e colaboradores 53 relataram o efeito da temperatura como o 217 
principal fator climático responsável por variações na composição de fenólicos e, indicaram 218 
uma relação positiva entre a concentração de delfinidina-3-glucosídeo, delfinidina-3-219 
rutinosíde e miricetina-3-glucosídeo com a temperatura e radiação solar nos três cultivares 220 
de groselhas negras (Ribes nigrum L.) estudadas durante 6 anos consecutivos.   221 
 222 
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2. Dovyalis hebecarpa ou groselha do Ceilão 223 
 Existem cerca de 10 espécies do gênero Dovyalis, além de uma variedade híbrida 224 
entre a D. abyssinica e a D. hebecarpa que foi desenvolvida na Florida (EUA) e, é 225 
popularmente conhecida como fruto dovialis. Algumas características são comuns entre as 226 
diferentes espécies do gênero, como frutos do tipo baga, o tamanho e o formato da planta, 227 
sendo essa, um arbusto médio e bastante ramificado de até 6 metros de altura. No entanto, a 228 
intensa coloração roxa e casca escura de textura aveludada são características da groselha 229 
do Ceilão (Figura 1A). Além da aparência atrativa, os frutos de D. hebecarpa, possuem 230 
excelente suculência,  sabor refrescante e ácido podendo serem usados para a produção de 231 
sucos, geléias e licores 6, 7.  232 
 Pouco se sabe sobre as características nutricionais da fruta e  presença de compostos 233 
fenólicos, informações importantes para a divulgação do fruto e incentivo para a sua 234 
produção em larga escala. No entanto, algumas pesquisas avaliaram o fruto híbrido da 235 
espécie D. hebecarpa com D. abyssinica, fruta com polpa intensamente amarela e casca 236 
vermelha (Figura 2A). Os resultados indicam que a fruta além de fonte de vitamina C 237 
(120,3 mg/100 g), possui considerável concentração de antocianinas (42 mg/100g) na casca 238 
e boa qualidade física para a comercialização, apresentando mais de 75% de polpa 6, 8.  239 
 No fruto dovialis, a espécie híbrida, 10 diferentes antocianinas foram detectadas 240 
sendo, 9 compostos identificados. A maioria desses ligados a glicose e rutinose, sendo 241 
delfinidina-3-rutinosídeo e cianidina-3-rutinosídeo os compostos em maior concentração. 242 
Apenas um composto acilado foi identificado nessa espécie, a delfinidina-3-(6"-acetil)-243 
glucosídeo, em concentrações inferiores a 0,1% em relação ao teor total quantificado 8.  244 
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3. Análise de compostos fenólicos 245 
3.1. Extração e purificação 246 
 A grande diversidade estrutural, a alta reatividade, a capacidade de formar 247 
complexos insolúveis com proteínas e carboidratos, a susceptibilidade a ação de enzimas 248 
são alguns dos fatores que devem ser considerados durante a extração, separação, 249 
identificação e quantificação de compostos fenólicos em alimentos. Além disso, 250 
interferentes como ceras, lipídeos, terpenos e outros pigmentos como clorofilas e 251 
carotenóides dificultam sua extração e purificação. Por esses motivos, diversas 252 
metodologias são descritas para a extração de todos ou de uma classe específica de 253 
compostos fenólicos presentes nos alimentos38.  254 
 A extração solido-liquido, utilizando solventes orgânicos em diferentes 255 
concentrações, é o método tradicional de escolha. As condições da extração irão depender 256 
das características do composto a ser analisado. Sendo assim, as antocianinas são 257 
compostos hidrossolúveis estáveis em condições ácidas. Nos vegetais e frutas in natura, 258 
encontram-se dentro dos vacúolos celulares com valores de pH de 3 à 5 e misturadas a íons 259 
inorgânicos e outros compostos fenólicos61. A possibilidade de ligação desses compostos 260 
com açúcares e outros ácidos fenólicos possui efeito direto na solubilidade em água, com 261 
aumento nos casos de glicosilação e diminuição devido a acilações62. Portanto, dentre as 262 
opções de solventes para antocianinas, metanol 12, 14, 49, 51, 53, 57, etanol63, 64, 65, 66, acetona, 263 
água e suas combinações9, 13, 67 15 são os mais utilizados em diferentes metodologias de 264 
extração. 265 
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 A acidificação do meio a valores de pH iguais ou inferiores a 2 é uma das medidas 266 
tomadas para facilitar a remoção e estabilidade das antocianinas. Durante a extração de 267 
antocianinas, o solvente acidificado, usualmente metanol, destrói as membranas celulares 268 
dissolvendo os compostos a serem extraídos. Em meio ácido, a formação do cátion 269 
flavilium é favorecida, contribuindo para estabilização dos pigmentos. No entanto, nessas 270 
condições podem ocorrer mudanças na forma nativa dos compostos com liberação de 271 
açúcares, grupos acil e/ou destruição de co-pigmentos62, 68, 69, 70.  272 
 Recentemente, foi relatada a diminuição na concentração final de antocianinas 273 
extraídas do morango e desaparecimento de estruturas aciladas quando extraídas utilizando 274 
metanol com 5% de ácido fórmico. No entanto, os maiores rendimentos foram obtidos nas  275 
extrações com o solventes neutro (metanol ou acetona) e reduzidas quantidades de ácido 276 
(0,5 e 2%)71. Sendo assim, a utilização de solventes neutros ou com concentrações 277 
reduzidas de ácidos orgânicos são alternativas propostas para evitar esses problemas 71, 72.  278 
 O preparo da amostra é outro fator de grande impacto sobre a eficiência de extração. 279 
A estabilização por meio de congelamento e liofilização são recursos muito utilizados para 280 
a preservação da amostra no período prévio à análise, principalmente no caso de frutas 281 
vermelhas 12, 11, 15, 55. A maceração e a redução do tamanho das partículas da amostra são 282 
medidas que aumentam a superfície de contato entre amostra e solvente facilitando a 283 
extração e a reprodução do método. A utilização de nitrogênio líquido durante a trituração é 284 
aconselhável, tanto para amostras in natura como liofilizadas, pela possibilidade de 285 
obtenção de um amostra finamente pulverizada em um ambiente com reduzida 286 
concentração de oxigênio e a baixas temperaturas23, 62. 287 
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 O preparo de amostras usando nitrogênio durante pulverização, extração exaustiva 288 
com acetona acidificada e partição em clorofórmio é um método de preparo de amostras e 289 
de extração proposto por Rodriguez-Saona e Wrolstad23. Essa metodologia, além de ter sido 290 
aplicada com eficiência para diferentes fontes de antocianinas20, 73, 74, 75, permite a obtenção 291 
de um extrato final parcialmente purificado e concentrado. Porém, o tempo total para a 292 
execução do método é longo e altas concentrações de solventes orgânicos são utilizadas.  293 
 Diversas pesquisas foram realizadas para a otimização do processo de extração com 294 
solventes76, 25, 77 e com o uso de alternativas mais recentes, como a utilização de ultra-som78, 295 
79 e fluído supercrítico e subcrítico 80, 81, 28. Nesses trabalhos foram utilizados planejamentos 296 
experimentais fatoriais, como o delineamento experimental composto central rotacional 297 
(DCCR), o qual possibilita o estudo das variáveis de extração simultaneamente. Dessa 298 
maneira, além da avaliação de cada variável individualmente, é possível também a 299 
determinação de possíveis efeitos sinérgicos e antagônicos resultantes de interações entre as 300 
variáveis estudadas82. 301 
 Após a obtenção do extrato, processos de purificação e fracionamento podem ser 302 
utilizados para a remoção de interferentes e/ou para a obtenção de frações com 303 
características estruturais e químicas comuns. Em alguns casos o fracionamento com 304 
solventes é realizado visando à purificação e/ou a separação de uma ou mais classes de 305 
compostos como etapa necessária no processo de identificação. Mertz et al.15 na extração 306 
de compostos fenólicos para análise em HPLC-MSn (High Performance Liquid 307 
Chromatography, Mass Spectrometry), utilizou acetona 70% acidificada com 2% de ácido 308 
fórmico e, posterior, fracionamento com acetato de etila, visando à separação de compostos 309 
minoritários. Nos extratos iniciais de amora-preta foram separados e identificados cinco 310 
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compostos majoritários, sendo dois elagitaninos e três antocianinas, e cerca de 40 diferentes 311 
compostos fenólicos na fração de acetato de etila. 312 
 Além da separação líquido-líquido, a purificação dos extratos pode ser realizada 313 
utilizando cromatografia em coluna aberta, extração em fase sólida (SPE - Solid Phase 314 
Extraction) ou métodos mais sofisticados com o emprego de equipamentos de 315 
cromatografia líquida de alta eficiência (CLAE, High Performance Liquid Chomatography, 316 
HPLC) com coletor de frações ou ainda a cromatografia crontra-corrente de alta velocidade 317 
(HSCCC, High Speed Countercurrent Chromatography).   318 
 HSCCC é um processo de separação de frações baseado na partição entre dois 319 
líquidos imiscíveis submetidos a força de aceleração centrífuga62. Essa metodologia de 320 
purificação foi utilizada em camu-camus (Myrciaria dubia) previamente à análises e 321 
caracterização por MS/MS e H1 RMN visando a obtenção de frações purificadas de 322 
antocianinas majoritárias. Foram obtidas 5 frações sendo os dois compostos majoritários 323 
identificados como delfinidina-3-glucosídeo e cianidina-3-glucosídeo83. Outro trabalho com 324 
uma espécie chinesa de amora (Mulberry, Morus alba L) utilizou HSCCC para obtenção de 325 
frações de antocianinas para posterior caracterização por ESI-MS/MS, 1H e 13C RMN e 326 
determinação da atividade antioxidante. Foram obtidas 5 frações de antocianinas 327 
identificadas como cianidina-3-O-(6"-O-α-ramnopiranosil-β-D-glucopiranosídeo), 328 
cianidina-3-O-(6"-O-α-ramnopiranosil-β-D-galactopiranosídeo), cianidina-3-O-β-D-329 
glucopiranosídeo, cianidina-3-O-β-D-galactopiranosídeo e cianidina-7-O-β-D-330 
glucopiranosídeo84. 331 
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 A purificação de extratos utilizando extração em fase solida é um método versátil, 332 
devido a diversidade de resinas disponíveis, e que possibilita a remoção de interferentes 333 
com separação de frações de diferentes composições62. Visando a obtenção de frações de 334 
antocianinas de alta pureza, He e Giusti48 desenvolveram um método de purificação 335 
utilizando cartucho de modo misto com troca iônica e C-18 (OASIS® MCX, Waters Corp). 336 
O método apresentou maior pureza quando comparado com outras resinas amplamente 337 
utilizadas como os cartuchos de C-18 para 11 das 12 fontes de antocianinas estudadas. Os 338 
valores de pureza encontrados variaram de 85,6 a 99,9% para a metodologia utilizando a 339 
resina de modo misto e de 47 a 99,2% C-18 somente. 340 
 341 
3.2. Identificação e quantificação 342 
 Os métodos espectrofotométricos disponíveis para a determinação de compostos 343 
fenólicos em alimentos podem ser classificados em análises de quantificação do teor total 344 
de compostos fenólicos como um único grupo, ou ainda, métodos direcionados para uma 345 
classe em específico como o teste de determinação do teor de antocianinas 85 e o teste da 346 
Vanilina para determinação de taninos condensados 86.  347 
 Os testes de Folin-Denis87, Folin-Ciocalteu88 e azul de Prussian 89 são exemplos de 348 
metodologias mais utilizadas para a determinação de fenólicos totais. Apesar de pouco 349 
específicos, são bastante empregadas17, 20, 90, porque fornecem informações iniciais 350 
importantes na caracterização das amostras e na determinação de sua atividade 351 
antioxidante.  352 
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 O método de pH diferencial é amplamente utilizado na determinação 353 
espectrofotométrica do teor total de antocianinas . Essa metodologia se baseia nas 354 
mudanças estruturais cromóforo em função do pH, comportamento característico de 355 
antocianinas e amplamente descrito na literatura 61, 62, 91.  Sendo assim, em condição ácida 356 
(pH 1,0) ocorre predomínio de formas estruturais intactas de intensa coloração (cátion 357 
flavílium) e, em pH mais elevado (pH 4,5) a formação de estruturas incolores (hemicetais). 358 
A quantificação é feita medindo os extratos nas duas condições em 520 nm, comprimento 359 
de onda de máxima absorbância, e em 700 nm, para a eliminação da influencia de 360 
interferentes nas leituras85.   361 
 Como já discutido, a cromatografia é empregada tanto no preparo de amostras, 362 
visando o isolamento de um grupo em específico, como na análise dos compostos 363 
fenólicos. A técnica mais utilizada é a cromatografia líquida de alta eficiência (CLAE ou 364 
HPLC, High Performance Liquid Chromatography) acoplada a detector de arranjo de 365 
diodos (DAD, Diodo Array Detection). A elucidação de estruturas tem sido realizada 366 
através da combinação com a espectrometria de massa (EM ou MS, mass spectrometry) e 367 
outras técnicas relevantes como espectrometria de ressonância magnética nuclear (RMN ou 368 
NMR, Nuclear Magnetic Ressonance)21, 29, 38, 92. 369 
 Antocianinas, assim como outros compostos fenólicos, possuem identificação 370 
complexa, devido principalmente à diversidade estrutural e poucos padrões disponíveis 371 
para a maioria dos compostos. No entanto, nos últimos anos, HPLC-MS se tornou o método 372 
padrão e mais eficiente na identificação desses compostos. Diversas tecnologias de 373 
ionização já foram desenvolvidas incluindo a espectrometria com ionização por impacto de 374 
elétrons (EI-MS, electron ionization mass spectrometry), por electrospray (ESI-MS, 375 
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electrospray ionization mass spectrometry), ionização química à pressão atmosférica 376 
(APCI-MS, atmospheric-pressure chemical ionazation mass spectrometry) e ionização a 377 
laser (MALDI-MS, matrix-assisted laser desorption/ionization mass spectrometry)38, 49, 92. 378 
A ionização por eletrospray é o método mais utilizado, em modo positivo, para análise de 379 
antocianinas e, em modo negativo, para outros compostos fenólicos incluindo flavan-3-ols, 380 
elagitaninos e ácidos fenólicos29. 381 
 A utilização de colunas de fase reversa e sistema de fase móvel composta por 382 
solvente aquoso acidificado e solventes orgânicos, geralmente metanol ou acetonitrila, são 383 
condições amplamente utilizadas para análise de antocianinas e compostos fenólicos por 384 
CLAE-DAD-EM. Os ácidos mais usuais são o acido fórmico e acético em concentrações 385 
que variam de 0,01 à 5%, sendo recomendado o uso de concentrações de até 1% para 386 
análise em equipamentos hifenados a espectrometria de massas. Porém, valores mais 387 
elevados geralmente são utilizados para a separação de antocianinas devido a melhor 388 
resolução de picos e ionização29. Taninos hidrolisáveis também requerem acidificação da 389 
fase móvel em menores concentrações do que as utilizadas em análise de antocianinas, 390 
sendo o acido acético o mais apropriado devido a alta volatilidade e menor supressão iônica 391 
94. A separação de dímeros e trímeros de flavan-3-ols pode ser realizada em coluna de fase 392 
reversa, porém a ordem de eluição de monômeros e polímeros é obtida mais eficientemente 393 
em coluna da fase normal e, a detecção por fluorescência apresentando-se mais sensível que 394 
por DAD 29, 96  395 
 A identificação de compostos fenólicos é realizada, geralmente, pela combinação de 396 
informações obtidas durante a separação cromatográfica e detecção. Sendo assim, a ordem 397 
de eluição, o espectro de DAD, o padrão de fragmentação obtido por espectrometria de 398 
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massas e, quando possível, a comparação com padrões e com dados da literatura devem 399 
formar um conjunto de informações lógicas que indicam uma provável identificação. Ainda 400 
assim, em caso de isômeros estruturais e confirmação de estruturas inéditas o uso de RMN 401 
se faz necessário49, 29. 402 
 A classificação dos compostos com base em suas características espectrais na região 403 
do UV-Vis foi proposto por Mӓӓttӓ et al.57 como medida inicial na identificação de 404 
compostos fenólicos. Dentre as características espectrais relevantes, os galotaninos 405 
apresentam como máximo de absorção em 280 nm, ou seja, 10 nm de deslocamento 406 
batocrômico em relação ao espectro do ácido gálico com máximo em 270 nm94. Ácidos 407 
hidroxicinâmicos, hidroxibenzóicos e flavonols com bandas de absorção máxima ao redor 408 
de 320, 280 e 360 nm, respectivamente. Esses compostos podem ainda apresentar 409 
deslocamentos hipsocrômicos e batocrômicos devido a ligação com açúcares ou pela 410 
presença de dímeros57. Antocianinas apresentam máximo ao redor de 520 nm com 411 
deslocamentos desse valor dependendo do grau de hidroxilação e metilação da estrutura 412 
central, o cátium flavílium. Além disso, padrões de glicosilação e acilação geralmente 413 
produzem características marcantes no espectro de DAD que auxiliam na identificação e 414 
confirmação estrutural juntamente com as informações obtidas pelo espectro de massas e 415 
ordem de eluição. Portanto, em colunas de fase reversa (C-18) a retenção de antocianinas é 416 
determinada pelo número de hidroxilas e metoxilas da parte aglicona da estrutura 417 
(delfinidina < cianidina < petunidina < pelargonidina < peonidina < malvidina) e do padrão 418 
de glicosilação e acilação (diglucosídeos < monoglucosídeos < acetilglucosídeos < caffeoil-419 
glucosídeos < cumaroil glucosídeos)29, 62. 420 
25 
 Wu e Prior49 desenvolveram uma metodologia de identificação sistemática de 421 
antocianinas em diferentes amostras de frutas e berries utilizando HPLC-DAD-422 
ESI/MS/MS. Nesse trabalho as amostras liofilizadas foram extraídas em metanol diluído e 423 
acidificado com ácido acético, eluídas em coluna de fase reversa C-18 (250 x 4,6 mm d.i., 5 424 
µm de tamanho de partícula) com soluções de ácido fórmico 5% e metanol. Nas amostras 425 
de mirtilo e uvas a metodologia empregada possibilitou a separação de cerca de trinta 426 
antocianinas diferentes, algumas delas identificadas pela primeira vez. Conclusivamente, 427 
esse trabalho detalha um guia para análise e identificação de antocianinas utilizando uma 428 
sequência de informações lógicas obtidas nos espectros de massa e DAD, tempo de 429 
retenção e padrão de distribuição desses compostos na natureza. Adicionalmente as 430 
conclusões publicadas por Giusti et al.95, sobre o padrão de fragmentação de antocianinas 431 
preferencialmente na ligação glicosídica da estrutura, esse trabalho relata a possibilidade de 432 
perdas de fragmentos acil de ligação pouco estável. 433 
 434 
4. Efeitos biológicos 435 
 O crescente interesse no estudo da ação de antocianinas e de extratos de frutas 436 
vermelhas sobre à saúde, se deve a relação inversa entre o elevado consumo de frutas e a 437 
incidência de problemas cardiovasculares104  e outras doenças crônicas105. Além disso, é 438 
crescente o número de trabalhos com experimentos in vivo e in vitro que comprovam além 439 
da capacidade antioxidante, o efeito em diversos tipos de câncer105, 106 e sobre o sistema 440 




4.1. Atividade antioxidante 443 
 Biologicamente, os compostos fenólicos de frutas e vegetais exercem efeito 444 
antioxidante através de diversos mecanismos de ação incluindo o sequestro de radicais 445 
livres, inibição do surgimento de espécies reativas, por interação com enzimas e sequestro 446 
de metais. Dentre esses, o principal ocorre pela doação de hidrogênios e formação de 447 
radicais fenólicos intermediários estabilizados por ressonância de elétrons não pareados na 448 
estrutura aromática, ou seja, pela ação de sequestro de radicais livres. Além disso, os 449 
radicais fenólicos podem complexar outros radicais livres e auxiliar na terminação de 450 
reações de oxidação em cadeia 21,31.  451 
 Durante processos fisiológicos normais, incluindo processos de divisão e morte 452 
celular, proteção contra patógenos e no metabolismo celular, as espécies reativas de 453 
oxigênio e nitrogênio são geradas. Em situações de produção excessiva ou falhas nos 454 
mecanismos de defesa antioxidante, ocorrem danos a biomoléculas importantes como o 455 
DNA, lipídeos e proteínas100, 101, 102. Essas lesões são associadas com o aumento do risco de 456 
doenças crônicas como o câncer, problemas cardiovasculares e inflamatórios102. A 457 
capacidade moduladora de flavonóides e outros fenólicos sobre biomoléculas, como por 458 
exemplo, a inibição da enzima xantina oxidase em condições isquêmicas e a redução dos 459 
níveis tóxicos de peroxinitrito formados em processos inflamatórios, são alguns 460 
mecanismos propostos que, combinados a ação antioxidante, explicam os efeitos 461 
terapêuticos desses compostos31.  462 
 Segundo Duthie4, resultados de diversas pesquisas in vivo e in vitro mostram 463 
claramente que antocianinas e extratos brutos de frutas vermelhas apresentam ação 464 
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protetora contra o câncer, modulando marcadores de dano do DNA e mutagênese. No 465 
entanto, o exato mecanismo em que esses efeitos ocorrem permanecem pouco claros e 466 
muitos estudos se baseiam em doses não alcançadas nutricionalmente.  467 
 Atualmente as metodologias mais empregadas na determinação direta da capacidade 468 
antioxidante total in vitro se baseiam na descoloração de radicais estáveis pela ação de 469 
sequestro de antioxidantes. Os radicais estáveis 2-azinobis (3-ethylbenzothiazoline-6-470 
sulfonic) (ABTS+) e 1,1-diphenyl-2-picrylhydrazyl (DPPH) são os mais comumente 471 
empregados e, sua redução por antioxidantes (A) (ABTS+ ou DPPH +A  ABTS-H ou 472 
DPPH-H + A•) é responsável pela descoloração observada na redução da absorbância a 734 473 
nm ou 515 nm, respectivamente.  474 
 O potencial antioxidante de redução do ferro (FRAP, Ferric Reducing Antioxidant 475 
Power) é outra medida bastante utilizada na determinação da atividade antioxidante e 476 
baseia-se na capacidade dos antioxidantes em reduzir ferro (Fe3+) a Fe2+. Em condições 477 
ácidas, o íon Fe2+ forma um complexo de coloração amarela com TPTZ (2,4,6-tri(2-478 
pyridil)-s-triazine, (Fe2+- TPTZ) medido a 593 nm 97. Os resultados obtidos são expressos 479 
em relação a um composto padrão com atividade antioxidante conhecida, como o derivado 480 
sintético hidrossolúvel da vitamina E, o Trolox® 17, 18, 75, o ácido ascórbico 98, 99 ou ainda 481 
utilizando uma curva com FeSO4.7H2O
10, 20.  482 
 Outra metodologia bastante utilizada é a determinação da capacidade sequestro de 483 
radicais peroxil pela metodologia de ORAC (Oxygen Radical Absorbance Capacity). Nesse 484 
método, radicais peroxil são formados pela decomposição térmica de radicais AZO 485 
(dihidrocloridrato de 2,2′-azobis(2-amidina-propano); AAPH) e, a descoloração produzida 486 
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ao longo do tempo de reação no corante floresceína fornecerá as informações necessárias 487 
para cálculo da capacidade antioxidante. O resultado final é representado por equivalência, 488 
sendo Trolox® o padrão amplamente escolhido103.  489 
 490 
4.2. Modulação da resposta imunológica 491 
 Existem fortes evidências da capacidade moduladora de compostos fenólicos sobre 492 
a resposta imune, principalmente com relação à ação antiinflamatória108, 109. Os processos 493 
biológicos associados a respostas imunológicas são complexos e envolvem tanto as células 494 
apresentadoras de antígenos (APC, Antigen-Presenting Cells), os monócitos, os macrófagos 495 
e as células dendríticas da resposta imunológica inata, como a liberação de receptores de 496 
antígenos solúveis, os anticorpos do sistema imunológico adaptativo 110.  497 
 As APC englobam antígenos, como bactérias, vírus e outras substâncias estranhas 498 
ao organismo por endocitose, ativando-se. Essas células liberam citocinas pro inflamatórias 499 
como interleucina-1β (IL-1β) e o fator de necrose tumoral (TNF-α) que, por sua vez, 500 
recrutam da circulação um número maior de APC, como neutrófilos e macrófagos. No meio 501 
intracelular, ocorre a degradação proteolítica dos antígenos. Os fragmentos formados são 502 
apresentados na superfície celular com o auxílio de proteínas especiais de membranas, as 503 
chamadas proteínas do complexo de histocompatibilidade principal (MHC, Major 504 
Histocompatibility Complex) de classes I e II. Os fragmentos formados são apresentados 505 
aos linfócitos T que possuem o receptor para o antígeno correspondente101, 111, 112. 506 
 Os linfócitos são portadores de receptores de superfície de uma única 507 
especificidade, gerados pela recombinação aleatória de segmentos gênicos variáveis e pelo 508 
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pareamento de diferentes cadeias, leves e pesadas das imunoglobulinas e as duas cadeias de 509 
receptores das células T. Isso resulta em um repertório de receptores de superfície capaz de 510 
reconhecer praticamente qualquer antígeno. Sendo assim, os linfócitos T citotóxicos, 511 
responsáveis pelo controle de infecções virais, expressam a molécula CD8 (CD, cluster of 512 
identification) em sua superfície. Os linfócitos T CD4 são classificadas em células T 513 
auxiliares (T helper ou Th) dos tipos 1 e 2. Células Th1, responsáveis principalmente pela 514 
imunidade mediada por células, secretam citocinas dos tipos interferon-γ (IFN-γ), 515 
interleucina-2 (IL-2) e fator de necrose tumoral (TNF, Tumor Necrosis Factor). Enquanto 516 
que as células Th 2, responsáveis pela imunidade humoral pela ativação de linfócitos B, 517 
secretam IL-4, IL-5, IL-6, IL-9, IL-10 e IL-13110, 113. 518 
 A ligação dos linfócitos T aos fragmentos de antígenos das proteínas do MHC das 519 
APC ocasiona a ativação celular e liberação de citocinas, que dependendo do tipo vão 520 
desencadear reações específicas. As células T citotóxicas reconhecem antígenos virais e 521 
células tumorais, resultando em apoptose ou eliminação, através de perforina, da célula-522 
alvo. Os linfócitos B ativados, são reconhecidos por linfócitos T auxiliares (Th 2) que se 523 
ligam através de seus receptores de superfície, liberando as interleucinas específicas. 524 
Estimuladas por esses mediadores as células B se multiplicam, maturam a células 525 
plasmáticas e liberam grande quantidade de anticorpos de sua superfície111.  526 
 O funcionamento adequado do sistema imunológico é essencial para a manutenção 527 
da saúde e seu desequilíbrio, pode representar o surgimento de diversas patologias como o 528 
câncer, doenças autoimunes, diabetes 110. O estado nutricional do organismo e os nutrientes 529 
ingeridos na alimentação influenciam significativamente a resposta imunológica, alterando 530 
o funcionamento de células e a produção de mediadores químicos como as citocinas pró-531 
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inflamatórias. Por este motivo, diversos nutrientes apresentam propriedades moduladoras 532 
do sistema imunológico. A ingestão inadequada de energia, macronutrientes e 533 
micronutrientes resulta em efeito supressor devido a atrofia de tecidos linfóides e 534 
disfunções da imunidade mediada por células114, 118.  535 
 Considerando que frutas e vegetais, parecem apresentar efeito imuno-modulatório, 536 
diversos trabalhos foram desenvolvidos para avaliar o efeito de frutas vermelhas sobre a 537 
secreção de citocinas e proliferação de células T115, 116, 117, 119. Os resultados dessas 538 
pesquisas são relevantes para o desenvolvimento de alimentos funcionais e para segurança 539 
alimentar, com relação à intolerância a compostos alimentares.  540 
 Lin e Tang115 demonstraram que o suco liofilizado de 13 diferentes frutas e vegetais, 541 
incluindo frutas vermelhas, apresentam capacidade imuno-modulatória sobre a secreção de 542 
citocinas das células T auxiliares (T helper) dos tipos 1 (Th1) e 2(Th2) em camundongos 543 
BALB/C. Nesse trabalho foi demonstrado que o efeito estimulatório de secreção de 544 
citocinas IL-2, IFN-γ, and IL-5 possui correlação positiva significativa com o teor total de 545 
compostos fenólicos. 546 
 Recentes descobertas indicam que antocianinas podem atenuar o desenvolvimento 547 
do processo inflamatório da asma por regulação de citocinas liberadas por Th2, citocinas 548 
pró-inflamatórias, e COX-2 (ciclooxidenase 2) em modelos de asma com camundongos 549 
imunizados com ovoalbumina116.  550 
 Segundo Stoner et al 120  a diminuição de citocinas circulatórias é um dos 551 
mecanismos propostos, entre outros, para efeito positivo de fitoquímicos de framboesa 552 
negra na redução do câncer colorretal. Nesse estudo foi avaliado o efeito de três doses 553 
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diárias da fruta recebidas por meio de 100 ml de água contendo 10g de fruta liofilizada 554 
durante 9 semanas em pacientes com câncer colorretar. A redução significativa de algumas 555 
citocinas foi observada em até 10 dias após o fim do tratamento e relacionada com efeitos 556 
benéficos sobre de proliferação celular e apoptose. No entanto, os autores ressaltam a 557 
necessidade de estudos prolongados para a comprovação dos efeitos encontrados. 558 
 Diversos estudos avaliam a capacidade de redução da proliferação de células 559 
tumorais in vitro de extratos brutos de frutas vermelhas e de compostos isolados121, 122, 123, 560 
124. Segundo Zhang et al. 121, extratos brutos de morango e antocianinas isoladas possuem  561 
efeito citotóxico em células de câncer oral (CAL-27, KB), de cólon (HT29, HCT-116) e 562 
próstata (HT29, HCT-116) em ensaios in vivo. No entanto os autores relatam que as doses 563 
adotadas não correspondem a dosagens alcançadas fisiologicamente e mais estudos são 564 
necessários para a comprovação da ação antitumoral in vivo.  565 
 Cianidina-3-rutinosídeo, extraída e purificada de framboesas pretas, apresentou 566 
efeito citotóxico seletivo sobre células leucêmicas por acúmulo de peróxidos e indução de 567 
apoptose. Paralelamente, não foi observado esse efeito pró-oxidante em células 568 
mononucleadas de sangue periférico humano122, evidência de ação seletiva desse composto 569 
sobre células tumorais. 570 
 571 
CONCLUSÃO 572 
 Antocianinas são os compostos fenólicos de maior ocorrência em frutas vermelhas 573 
sendo, em muitas dessas fontes, os compostos majoritários. A completa elucidação 574 
estrutural é um processo complexo devido à diversidade estrutural dos compostos fenólicos, 575 
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com possibilidades de diversos padrões de glicosilação, acilação e dimerização. Além 576 
disso, não existe um método de extração e análise que permita análise simultânea de 577 
diversas classes de compostos fenólicos. Sendo assim, é necessária uma avaliação 578 
cuidadosa do método de extração escolhido e, em muitos casos, a utilização de etapas de 579 
purificação para a remoção de interferentes e separação de frações.  580 
 A utilização de espectrometria de massas com ionização por electrospray acoplada a 581 
cromatografia líquida de alta eficiência com detecção por arranjo de diodos são os métodos 582 
de escolha da maioria dos trabalhos na área de caracterização química. Além disso, a 583 
possibilidade de realização de análises do tipo tandem possibilita a identificação de 584 
estruturas mais complexas dispensando etapas de hidrólise ácida e básica.  585 
 O estudo das propriedades biológicas de compostos fenólicos em frutas vermelhas 586 
tem sido extensivamente explorado. No entanto, considerando que em muitos casos a dose 587 
estudada excede a quantidade obtida nutricionalmente, que a biodisponibilidade ainda 588 
precisa ser melhor conhecida, que ensaios in vitro ainda necessitam de comprovação dos 589 
achados por experimentos in vivo e que os mecanismos exatos de promoção dos efeitos 590 
biológicos ainda são desconhecidos, o estudo de efeitos biológicos de extratos de frutas e 591 
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Figura 1: Frutos do gênero Dovyalis (Salicaceae). A: groselha do Ceilão (D. hebecarpa) e 802 
B: fruto dovialis (D. abyssinica x hebecarpa). 803 
45 
 804 
Figura 2: Classes de flavonóides de maior ocorrência em frutas vermelhas. (A) Estrutura básica de flavonóides (anel 2-fenilbenzopirano) e 805 
esquema numérico, (B) Flavonols, (C) Flavan-3-ols, compostos monoméricos, (D) Antocianinas, (E) Proantocianinas. Fonte: Terrier et al.42 e Linus 806 
Pauling Institute 129. 807 
46 
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R1=H R2=OH R3=H p-Hidroxibenzoico
R1=H R2=OH R3=OH Protocatecuico ou Protocatequínico
R1=OH R2=OH R3=OH Gálico
R1=OCH3 R2=OH R3=H V aníl ico












R1=H R2=H R3=H R4=H Cinâmico
R1=H R2=OH R3=H R4=H p-Cumárico
R1=OH R2=OH R3=H R4=H Cafeico
R1=OCH3 R2=OH R3=H R4=H Ferúl ico
R1=OCH3 R2=OH R3=OCH3 R4=H Sináptico





Figura 4: Estruturas de galotaninos. (A) pentagaloilglucose, e elagitaninos (Sanguiin H-6)  encontrados em frutas vermelhas. Fonte: Okuda et 811 







Tabela 1: Classificação das principais classes de compostos fenólicos encontrados em 814 
















Não flavonóides   








Taninos hidrolisáveis Elagitaninos 
Galotaninos 
Estilbenos Resveratrol 
1 Classificação conforme proposto por Del Rio e colaboradores40. 2 Somente foram citados os grupos e seus 816 
compostos com maior ocorrência em frutas vermelhas 3 Denominação comum a todos os ésteres de ácido 817 
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* Somente são citados os compostos majoritários em ordem crescente de concentração. Foram utilizadas as seguintes 821 
abreviações para antocianidinas: C: cianidina; D: delfinidina; M: malvidina; Pn: peonidina; Pt: petunidina; quer: 822 
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D. hebecarpa is a dark purple/red exotic berry produced in Brazil southwest. Berries are 15 
known to contain a diverse phenolic composition and believed to exert health promoting 16 
properties. There is no universal extraction procedure for these compounds, and different 17 
conditions could result in mistaken quantification. Moreover, a careful extraction 18 
evaluation is relevant prior to fruit phenolic characterization studies. Thus, this work aimed 19 
to optimize and developed a simple and mild extraction procedure for phenolic compounds 20 
in D. hebecarpa pulp. Final conditions showed similar results than an exhaustive extraction 21 
with acetone 70%, but with less organic solvent and in a shorter time. Results were 26% 22 
and 10% higher using optimized conditions than in the initial protocol for anthocyanins and 23 
phenolics, respectively. Water was an excellent solvent, but different proportions of 24 
acetone/water were also effective. Acid concentration and time did not have a significant 25 
effect. Thus, it can be fixed in the lowest values testes without reduction in efficiency. Key-26 












Ceylon gooseberry or Ketembilla (Dovyalis hebecarpa, Salicaceae family), originally from 29 
Sri Lanka, is a small spherical fruit (0.5 to 1 inch) characterized by a strong purple-red 30 
color, an acid juice, and with small seeds enclosed in the pulp. Fruits can be consumed as 31 
jams, juice, or fresh after skin removal. Even adding a very attractive appearance to the 32 
fruit, skins are unpleasant in the mouth due to the intense purple color and velvety texture 33 
which could be considered a waste1. In Brazil southwest, it is being cultivated as an exotic 34 
fruit. Highest production is obtained from march to may, but it is cultivated until august 35 
with desirable yields. 36 
Besides of the lack of information regarding fruit grown and development, D. hebecarpa 37 
has been reported to be high productive and able to be cultivated in tropical climates. In the 38 
same work, a hybrid of this specie with D. abyssinica was reported to be an interesting 39 
source of vitamin C (120.3 mg/100g of fresh fruit) and with good physical quality for 40 
market, showing an average of 75% of pulp2. Phenolic composition of this hybrid revealed 41 
higher contents of anthocyanins in fruit peels and carotenoids in the pulp3. Nevertheless, in 42 
the available literature, no recent reports about extraction, phenolic content and antioxidant 43 
activity of D. hebecarpa specie were found. 44 
Phenolic compounds are secondary metabolites in fruits and vegetables acting as a defense 45 
barrier against microorganism, insets, and UV radiation, or as attractants to promote 46 
pollination and seed dispersal. Some phytochemicals, as anthocyanins and phenolic acids, 47 
are very important for food acceptance acting as natural pigments or adding specific 48 






with hydroxyl groups linked to aromatic rings permits their action as antioxidants by free 50 
radical scavenging, metal chelating, hydrogen/electron donation, inhibition/activation of 51 
enzymes, and renewing antioxidants used during oxidative process6-8.  52 
Important health effects related to phenolic compounds consumption were extensively 53 
discussed in the literature and are still being investigated. A review in berry anthocyanins 54 
discussed a range of biological activities that goes from able to improve cognitive and brain 55 
functions to chemopreventive properties9.  56 
Anthocyanins are glycosilated compounds from polyhydroxy and polymethoxy derivatives 57 
of 2-phenylbenzopyrylium, acylated or not, which are found as red to purple natural 58 
pigments in fruit and vegetables. Due to its hydrophilic behavior, extraction procedures 59 
generally are conducted in acid aqueous-based solvents. The low selectivity of the 60 
extraction conditions allows several other compounds with similar chemical affinity be 61 
extracted in a complex mixture of other phenolics, sugars, organic acids and many other 62 
interfering substances. An extraction procedure able to remove all target compounds with 63 
minimal structure changes and no degradation will represent better the real composition of 64 
the vegetable matrix and will be more useful for characterization studies10. Moreover, there 65 
are other fields of research where extraction plays the primary main step, like the 66 
development of natural colorants for food purposes11, 12, the investigation of antioxidant 67 
activity13 and the study of possible biological properties14, 15. 68 
Considering the diversity of applications and functions, characterization and quantification 69 
of phenolic compounds are valuable information to understand the health effects and for the 70 






steps prior to phenolic characterization that should ensure maximum recovery of target 72 
compounds with minimal degradation.  73 
Aiming to develop efficient and fast new extraction techniques, sonication and subcritical 74 
fluids are being tested with interesting results. However, it increases the cost and requires 75 
equipments that could not be found in any laboratory facility. Moreover, in some cases, 76 
traditional methods still gives better yields. In a recent work, solvent extraction showed 77 
higher results than an optimized subcritical fluid method (CO2 plus ethanol) in apple and 78 
peach pomace for total phenolics and antioxidant activity16.  79 
For food products, the presence of even relatively safer solvents (such as alcohol) in the 80 
composition of natural colorants may limit its application which shows the importance of 81 
solvent reduction. In addition, most extraction procedures were not optimized or validated 82 
and few details are reported about the selection of extraction variables. Considering it, 83 
anthocyanins and phenolic extraction could be one of the sources of high variation between 84 
reported values in a same plant material.  85 
Simplex lattice and central composite design are two multivariate experimental designs that 86 
allow investigating the effect of a mixture or a set of factors under one or more responses. 87 
The advantages of these techniques is the possibility of a complete knowledge of the 88 
system behavior inside of the studied range, simultaneous evaluation of multiple variables, 89 
and the possibility of predictions using statically valid models17. There is a range of 90 
applications of this statistical tool in the literature from bioprocesses in enzyme 91 






Due to the importance of an efficient, simple, and mild extraction procedure to the 93 
development of anthocyanin and other phenolic studies, this work optimized the extraction 94 
procedure of monomeric anthocyanins and phenolic compounds from D. hebecarpa pulp. It 95 
was used multivariate experimental designs aiming a complete knowledge of extraction 96 
variables in the studied range. 97 
 98 
MATERIAL AND METHODS 99 
Chemicals: Phenol reagent Folin-Ciocalteu and gallic acid (97.5-102.5%) were obtained 100 
from Sigma-Aldrich.  101 
Equipments: A Büchi rotary evaporator and an UV-1600 spectrophotometer from 102 
Proanálise (São Paulo, Brazil) were used for extraction and quantification purposes. A 103 
Terroni Freeze-dryer, model LS-3000E (São Carlos, Brazil) and a Qhimis analytical 104 
grinder, model Q298A (São Paulo, Brazil) were used for sample preparation. 105 
Sample Preparation: Ripened samples (12.5ºBrix) were obtained from Bragança Paulista 106 
city (São Paulo, Brazil) in April of 2010. After harvest fruits were frozen previously to 107 
freeze-drying process. Peels were removed by hand from frozen fruits (-20˚C) to reduce 108 
enzymatic degradation and decrease juice loss. Frozen pulps were crushed using a food 109 
processor and placed into trays to return to freezing conditions. Freeze-dried process was 110 
performed until reduction of pressure to stable values and lower than 22μHg. Since particle 111 
size is important to extraction effectiveness, freeze-dried samples were grounded until 112 
became a fine and visually homogenous powder. Size particle analysis was not performed 113 






Initial Extraction Procedure: Water/acetone (25:75) solution, acidified with 2% of formic 115 
acid was the initial conditions tested21. Freeze-dried powder samples were mixed in a ratio 116 
of 1:30 during 15 minutes with one re-extraction. Both extracts were mixed, completed to a 117 
final volume of 100 ml, and analyzed for total phenolic content and total monomeric 118 
anthocyanins. 119 
Extraction Optimization 120 
Selection of the solid-to-liquid ratio: Solid-liquid ratios of 1:30 to 1:200 were studied in 121 
order to investigate the amount of solvent need to maximal yield of anthocyanins and total 122 
phenolic compounds. Freeze-dried pulp powder (0.5 g) was extracted once under agitation 123 
for 1 hour with 75% aqueous acetone containing 2% formic acid, in the different 124 
solid/liquid ratios tested (1:30; 1:60, 1:90, 1:120, 1:200). Extraction media were filtered 125 
under vacuum, solids were discarded and the extract was complete to an exact volume with 126 
extraction solvent and immediately analyzed.  The number of extractions is restricted to 127 
only one to avoid loses during the filtration process that could jumble the results. Solid-128 
liquid ratio with highest extraction yield of anthocyanins and total phenolic compounds 129 
content was fixed for the next experiment step in the optimization process. Three 130 
independent experiments were performed in each condition and analyzed in triplicate. 131 
ANOVA tests and means comparisons using Tukey test (p<0.05) were performed in 132 
Statistica 7.0 (StatSoft, Inc.). 133 
Evaluation of solvent effect by Simplex Lattice Design (SLD): In the best solid/liquid 134 
ratio, determined in the previous experiment, different proportions of acetone, water, and 135 






percentage of organic solvent. A multivariate statistical technique for optimization of 137 
mixtures, the simplex centroid design with axial points, was chosen due to the possibility of 138 
study of all solvent proportions (0-100%) in a reduced number of experiments. Moreover, it 139 
is possible to examine possible interaction effect between variables.  140 
All conditions tested in coded and real values are presented in Table 1. In this design, the 141 
different conditions tested will form a triangle. Pure components are in the vertex, 142 
representing 100% of one of each solvent. Middle points in each side representing a binary 143 
mixture (1:1), the center point as a ternary mixture (1:1:1), and axial points representing 2/3 144 
of one of the solvents and 1/6 for the others. This design permits the evaluation of linear 145 
(β1, β2, and β3), quadratic (β12, β13, and β23), and special cubic models (β123) (Equation 1) for 146 
the response under study.  147 
y = β1x1 + β2x2 + β 3x3 + β 12x1x2 + β 13x1x3 + β 23x2x3 + β 123x1x2x3                 Equation 1 148 
Total monomeric anthocyanins (TMA, Y1, mg/g freeze-dried sample) by pH-differential 149 
method and total phenolic compounds by Folin-Ciocalteu (TPC, Y2, mg/g freeze-dried 150 
sample) were the two responses studied. The proportion of solvents that gives the highest 151 
response with the lowest concentration of organic solvent was fixed for next experiments of 152 
time and acid concentration optimization.  153 
Time and acid concentration optimization using Response Surface Methodology 154 
(RSM): Time and acid concentration were the two last variables optimized using the 155 
response surface methodology. In previous experiments described, it was fixed the best 156 
solid/liquid ratio and mixture of solvents to obtain the highest concentration of 157 






central composite rotational design was used to optimize extraction time (X1) and formic 159 
acid concentration (X2) variables as showed in Table 2 in coded and real values. Total 160 
monomeric anthocyanins (TMA, Y1, mg/g freeze-dried sample) by pH-differential method 161 
and total phenolic compounds by Folin-Ciocalteu (TPC, Y2, mg/g freeze-dried sample) 162 
were the two responses studied. Eleven extraction conditions were tested which includes 22 163 
complete factorial, 4 axial points, and 3 repetitions of central conditions (Table 2).  164 
Results were used to build a regression model with linear, quadratic, and interactive 165 
components (Equation  2). 166 
y = β 0 + β 1x1 + β 2x2 + β 11 x1
2 + β 22 x2
2 + β 12x
1x2 + ɛ                             Equation 2 167 
All experiments in the SLD and RSM were performed in random order to minimize the 168 
effects of unexplained variability in the observed responses due to systematic errors. 169 
ANOVA, regression results, and surfaces from fitted models were obtained using Statistica 170 
7.0 (StatSoft). The final extraction procedure, using optimal conditions, was validated 171 
based on predictions of the developed model.  172 
Comparison between extraction conditions: Final conditions achieved in the 173 
optimization experiments were compared to the initial ones and with another method 174 
previously described22. Freeze-dried powder was exhaustive extracted with acetone 70% in 175 
acidified water (0.01% HCl) under maceration. The resulting filtrates were combined, 176 
shaken, placed in a separatory funnel with chloroform (1:2 acetone: chloroform v/v), and 177 
stored overnight at 5 ˚C. The aqueous portion (top portion) was collected and placed on a 178 
Büchi rotary evaporator at 38+2˚C until all residual acetone was evaporated. The aqueous 179 






optimized procedure, extracts were placed in rotavapor to remove organic solvent and made 181 
up to a known volume using diluted formic acid solution (0.35%. pH 2.52 + 0.01).  182 
Total monomeric anthocyanins content (TMAC): Anthocyanin was determined using 183 
the pH-differential method developed by Giusti and Wrolstad23. This method is based on 184 
the anthocyanin equilibrium forms obtained under acid (pH 1.0) and in a higher pH (pH 185 
4.5) conditions. The colored flavylium cation forms in acid conditions are measured against 186 
a correction in basic conditions, when colorless hemiketal forms of anthocyanins are 187 
present.  Readings were performed at 520 and 700 nm and the concentration of total 188 
monomeric anthocyanins calculated according to the Equation 3. Results were expressed as 189 
mg of cyanidin-3-glucoside equivalents per g of freeze-dried pulp and, using values 190 
obtained for water loss after freeze-drying process, results were converted to mg per 100 g 191 
of pulp fresh weight. Values of 449.2 and 26.900 were considered as molecular weight 192 
(MW) and molar absorptivity (ε) of 1% solution of cyanidin-3-glucoside/cm, respectively 193 
(Equation 4). 194 
A = (A520nm– A700nm)pH 1.0– (A520nm– A700nm)pH 4.5             Equation 3 195 
Monomeric anthocyanin pigment (mg/liter) = (A ×MW ×DF ×1000)/(ε ×1)         Equation 4 196 
MW: molecular weight; DF: dilution factor 197 
 198 
Total phenolic compounds content: Total phenolic content was measured using Folin-199 
Ciocalteu method as described by Singleton and Rossi24 and modified by Scherer and 200 
Godoy 36. This method is based on the reaction between phenolic compounds and sodium 201 
carbonate to form phenolates, which are able to reduce the reagent mixture Folin-Ciocalteu. 202 






Extraction solvent was used for the blank.  In the experiment with different solvent 204 
(mixture design), one curve was performed for each mixture of solvents. All results were 205 
presented as mg of gallic acid equivalents (GAE) per g freeze-dried sample and, using 206 
values obtained for water loss after freeze-drying process, results were converted to mg per 207 
100 g of pulp fresh weight. The linear range obtained in this work was between 10 to 80 208 
μg/ml of gallic acid. Linear coefficient was (r2) 0.99+0.001 for standard curves prepared in 209 
different days of analysis. 210 
 211 
RESULTS AND DISCUSSION 212 
 Solid/liquid ratio effect: Considering that solvents will extract target compounds until 213 
saturation or after reach to equilibrium with the sample, the ratio between sample solids and 214 
solvent is one of the major variables that could affect extraction process. Aiming to ensure 215 
that all variables will be efficiently studied, solid/liquid ration was studied separately and 216 
fixed in the best condition before continue with the optimization experiments. Results of 217 
solvent (75% aqueous acetone containing 2% formic acid) to solid (freeze-dried powder) 218 
proportion experiments are illustrated in Figure 1. A significant increase in the content of 219 
phytochemicals was observed with proportions of 1:90 e 1:120 for anthocyanins and total 220 
phenolic compounds, respectively. Thus, solid/liquid ratio was fixed in 1:120 for the next 221 
experiments, since no changes were observed with proportions higher than it and this value 222 
is suitable for both responses. 223 
Solvent effect: Acidified methanol and acetone are the most common solvents used for 224 






the disadvantage to be less safe, pollutant, and more expensive than water-based 226 
extractions. Because of the new concept of "green chemistry" that encourage the creation 227 
and use of less hazardous processes and materials without reduction in efficiency26, solvent 228 
extraction of anthocyanins should be optimized for the maximum responses using less 229 
organic solvents. Thus, ethanol instead of methanol was chose for to be studied in 230 
combination with water and acetone in solvent optimization.  The results from complete 231 
SCD used for solvent optimization are shown in Table 1. The lowest values for 232 
anthocyanins and total phenolic were obtained in the experiment number 1 which 233 
corresponds to extraction with pure acetone. Extraction with pure ethanol (experiment 3) 234 
and pure water (experiment 5) showed better results than with pure acetone (experiment 1). 235 
However, best results were obtained with mixture of solvents. For total phenolic content the 236 
highest result (14.32 mg of GAE/g freeze-dried sample) was obtained with ethanol as the 237 
major in a proportion with all three evaluated solvents (experiment 15). A similar behavior 238 
was observed for total monomeric anthocyanins where the highest amount was found in the 239 
experiment 16, a mixture of all solvents with highest amount of water than acetone and 240 
ethanol. 241 
ANOVA from regression models is shown in Table 3 and 4. Significant quadratic models 242 
were obtained for both responses. Although, just the model obtained for anthocyanins has 243 
no lack of fit and could be used for make predictions. Considering it, coefficients for the 244 
quadratic model of TMA are shown in Table 5. Almost all coefficients were significant, 245 
showing an important synergic effect between acetone and ethanol, as well as between 246 
acetone and water. However the interaction coefficient between ethanol and water was no 247 






model before predictions. The model prediction with the highest desirability revealed that 249 
the best proportion between solvents was 20% of acetone and 80% of water. Same 250 
proportion was obtained with all coefficients in the model, but adjusting for the highest 251 
desirability in a proportion with the lowest amount of organic solvents (ethanol and 252 
acetone). 253 
Aiming to validate the obtained fitted model for anthocyanins and to evaluate the 254 
significant model for phenolic compounds, new experiments were performed with different 255 
proportions between solvents and in the best condition achieved (Table 6). Three 256 
independent experiments were performed in each condition and analyzed. All results 257 
obtained for anthocyanins content are in agreement with model predictions and inside of 258 
the confidence interval (95%). Similar results were obtained for phenolic compounds in 259 
conditions B and D. Although A and C were higher than the values of predictions which is 260 
in agreement with the lack of fitness observed for the model. Condition D showed the 261 
highest content of anthocyanins and phenolic compounds which is in agreement with the 262 
optimum condition for proportion between solvents predicted by the anthocyanins quadratic 263 
model.  264 
Figure 2 shows the surface obtained with the valid model for total monomeric anthocyanins 265 
response, only with significant coefficients. Even the best condition being the mixture 266 
between 20% of acetone and 80% of water, it is possible to perceive that extraction with 267 
pure water will produce acceptable results. In agreement with this result, some recent works 268 
have proposed water as environmental-friendly solvent for extraction of phenolics and 269 
anthocyanins. In some cases with similar yield to organic solvents commonly used. 270 






wave-assisted techniques30, 31, and pulsed-eletric-field-assisted32 extraction with results that 272 
were similar to values reported when using organic solvents.  273 
Time and acid concentration effect: Solvent was fixed in the previous experiment in 20% 274 
of acetone in water as the optimum for anthocyanins extraction. Using this proportion, time 275 
and acid concentration were optimized in a central composite design (Table 2). There is 276 
almost no difference in anthocyanin and total phenolics content obtained in all different 277 
experiments. ANOVA from regression results showed that linear and quadratic models are 278 
not significant to explain the oscillation between the results. In other words, in the range 279 
studied, acid and time has no effect on total phenolic compounds and total monomeric 280 
anthocyanins content.  281 
Considering that short extraction times are desirable and lower acid concentration are 282 
important to avoid hydrolysis and degradation of target compounds, 0.35% of formic acid 283 
and 17.57 minutes were the conditions chose as the optimum for extraction of anthocyanins 284 
and phenolic compounds of Ceylon gooseberry. Larger ranges could be tested for 285 
extraction time and acid concentration aiming to find a valid model. Nevertheless, the 286 
obtained results probably are very close to the real amount in the pulp and extreme 287 
conditions could result in less stable extracts.  288 
Comparison between extraction conditions: There is a diversity of extraction methods 289 
for anthocyanins and phenolic compounds which are recognized as able to be applied from 290 
berries to more complex samples. Rodriguez-Saona and Wrolstad22 have published a 291 
protocol that permits the extraction of anthocyanin in a range of different materials34, 35 with 292 






exhaustively performed with 70% of acetone in water with hydrochloric acid (0.01%). This 294 
procedure was reproduced using freeze-dried powder of Ceylon gooseberry and compared 295 
to the extraction in the optimized and initial conditions (Table 7). Optimized conditions 296 
showed higher values for TMA and TPC when compared to the initial procedure. 297 
Moreover, results showed no significant difference between exhaustive extraction with 298 
70% of acetone in water and the optimized extraction with 20% of acetone in water. 299 
 In summary, extraction conditions were optimized reaching to conditions with high 300 
amount of water in the extraction solvent mixture. Since pH values in final solvent media 301 
did not reach to values above 2.0, in the studied range, acid concentration has no effect in 302 
anthocyanin and phenolic extraction as well as extraction time. As a result of it, both 303 
variables were fixed in the minimum values studied. The optimized condition, using less 304 
organic solvent in a shorter time, was comparable to other conditions tested with equivalent 305 






ABBREVIATIONS USED 307 
SLD: Simplex Lattice Design; 308 
RSM: Response Surface Methodology; 309 
TMA: Total Monomeric Anthocyanin; 310 
TPC: Total Phenolic Content; 311 
GAE: Gallic Acid Equivalent. 312 
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Water     
(X3) 
 TPC* TMA* 
1 1 0 0  5.53 0.72 
3 0 1 0  8.88 2.60 
5 0 0 1  9.53 2.84 
7 0.5 0.5 0  11.02 2.76 
11 0.5 0 0.5  10.91 2.64 
9 0 0.5 0.5  10.02 3.00 
13 0.667 0.167 0.167  10.8 2.88 
15 0.167 0.667 0.167  14.32 2.79 
16 0.167 0.167 0.667  12.98 3.18 
17 0.333 0.333 0.333  13.3 3.11 
2 1 0 0  5.31 0.25 
4 0 1 0  7.8 1.95 
6 0 0 1  9.82 2.70 
8 0.5 0.5 0  10.23 2.29 
12 0.5 0 0.5  10.27 2.61 
10 0 0.5 0.5  10.4 2.88 
14 0.333 0.333 0.333  10.73 2.87 
* Results were expressed as mg of cyanidin-3-glucoside equivalent/g of freeze-dried sample for total 
monomeric anthocyanins (TMA) and mg of Gallic acid equivalent/g of freeze-dried sample for total phenolic 











Independent Variables Responses 








2 -1.00 -1.00 0.6 30 3,62 13,84 
6 -1.00 1.00 0.6 90 3,56 13,92 
9 1.00 -1.00 1.8 30 3,32 13,82 
4 1.00 1.00 1.8 90 3,41 12,79 
10 -1.41 0.00 0.35 60 3,48 14,21 
7 1.41 0.00 2.05 60 3,35 13,85 
8 0.00 -1.41 1.2 17.57 3,46 13,7 
1 0.00 1.41 1.2 102.43 3,37 12,55 
11 0.00 0.00 1.2 60 3,65 13,84 
3 0.00 0.00 1.2 60 3,64 13,56 
5 0.00 0.00 1.2 60 3,40 14,16 
* Results were expressed as mg of cyanidin-3-glucoside equivalent/g of freeze-dried sample for total 
monomeric anthocyanins (TMA) and mg of Gallic acid equivalent/g of freeze-dried sample for total phenolic 







Table 3: ANOVA results for regression models estimated from SCD: Solvent 
Optimization. 
Source SS DF F-Value p-Value R2 
TMA*      
Linear  5.37 2 7.44 0.006 0.52 
Quadratic 4.15 3 16.74 0.0002 0.91 
Cubic 0.003 1 0.03 0.88 0.91 
TPC**      
Linear  10.7 2 0.94 0.41 0.12 
Quadratic 50.9 3 6.58 0.008 0.68 
Cubic 0.6 1 0.23 0.64 0.69 
* Total monomeric anthocyanins ** Total phenolic compounds. 
 
Table 4: Overall fit of the quadratic model for 3 factor SCD: Solvent Optimization. 
Source SS DF F-Value p-Value 
TMA*     
Model 9.52 5 23.05 0.000017 
Total Error 0.91 11   
Lack of fit 0.46 4 1.79 0.24 
Pure error 0.45 7   
TPC**     
Model 61.56 5 4.78 0.01 
Total Error 28.32 11   
Lack of fit 27.08 4 38.19 0.00008 
Pure error 1.24 7   







Table 5: Estimated regression coefficients of the quadratic polynomial model for 
anthocyanin extraction optimization: Solvent Optimization. 
Parameter Estimated Coefficient Standard Error p-Value 
β1 0.55 0.20 0.018 
β2 2.29 0.20 0.1 x 10 
-6 
β3 2.75 0.20 0.1 x 10 
-6 
β12 4.82 0.91 0.0003 
β13 4.15 0.91 0.0008 






Table 6: Validation results for quadratic model obtained with SCD: Solvent Optimization. 
Condition 
Acetone Ethanol Water 













X1 X2 X3 -95% +95% -95% +95% 
A 0.37 0 0.63 2.99 2.59 3.4 2.73 + 0.02 11.89 9.82 13.96 13.08 + 0.48 
B 0.25 0.32 0.43 2.99 2.77 3.21 3.07 + 0.04 11.6 10.46 12.73 13.28 + 0.13 
C 0.25 0.75 0 2.87 2.52 3.22 2.78 + 0.02 11.34 9.53 13.15 12.84 + 0.14 
D 0.2 0 0.8 3.1 2.76 3.42 3.19 + 0.05 11.64 9.92 13.35 14.21 + 0.06 








Table 7: Extraction procedure comparison: Total monomeric anthocyanins and total 
phenolic compounds in Ceylon gooseberry. 
Extraction procedure 
TMA1 TPC2 
mg/g FDS3 mg/100 g FW4* mg/g FDS3 mg/100 g FW4* 
Initial conditions 2.70 + 0.11b 36.18 12.57 + 0.09b 168.44 
70% Acetone5 3.29 + 0.13a 44.09 13.42 + 0.43a,b 179.83 
Optimized conditions 3.66 + 0.06a 49.04 13.96 + 0.06a 187.06 
Results are average + standard error values of three independent experiments. Different letters in the same 
column represent significant differences (p<0.05).  1Total monomeric anthocyanins expressed as cyanidin-3-
glucoside equivalent; 2Total phenolic content expressed as Gallic acid equivalent; 3Freeze-dried sample; 
4Fresh sample, 5 Rodriguez-Saona and Wrolstad22.* Values for fresh sample were calculated based on freeze-











Figure 1: Total Monomeric Anthocyanins (TMA) and Total Phenolic Content (TPC) of 
Ceylon gooseberry freeze-dried sample extracted with different solid/liquid ratio. Results are 
mean + standard error. Different letters in the same group represent significant differences (Tukey test; p< 
0.05). 
                
Figure 2: Total monomeric anthocyanin (TMA) content surface obtained with quadratic 
model for solvent mixture optimization using simplex centroid design (SCD). Results are 
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Ceylon gooseberry is an exotic deep-purple berry produced in the Brazil southwest. To 13 
data, no information is available about the fruit's antioxidant capacity and its correlation to 14 
phenolic content. This work aimed to study antioxidant activity and phenolic content of 15 
pulp and skin fruit parts. Harvest season effects were evaluated using two sampling dates 16 
for two consecutive years. Nutritional composition, size, and fruit weight were monitored 17 
for quality purposes. Seasonal variations were observed in nutritional composition, berry 18 
size, and weight as a result of less water availability. Total anthocyanin, phenolics, and 19 
antioxidant capacity significantly changed between seasons in a different manner for pulp 20 
and pulp. Moreover, high correlation values were observed between phytochemicals 21 
concentration and antioxidant activity by FRAP and ORAC in pulp part, and by FRAP and 22 
ABTS in skins. ORAC assay showed higher results than all other methodologies tested for 23 
antioxidant activity. Finally, D. hebecarpa showed similar anthocyanin content and 24 
antioxidant activity than some commonly consumed berries recognized as sources of these 25 
compounds. Key-words: Dovyalis hebecarpa, anthocyanins, antioxidant capacity assays, 26 














 Native from Sri Lanka and south of India, Dovyalis hebecarpa (Salicaceae) is a 29 
deep-purple fruit that is popularly known as Ceylon gooseberry or Ketembilla1. Ceylon 30 
gooseberry is being produced under tropical climate in small rural properties at Brazil 31 
southwest, as an exotic fruit. Production is obtained from summer to winter with 32 
satisfactory harvesting yield in dry winter season. Due to the intense color, attractive taste, 33 
and appearance, this berry is commercialized in selected markets at high cost, as fresh fruits 34 
or in preparations of jams and drinks. Recent studies with a hybrid of two Dovyalis specie 35 
(D. abyssinica and D. hebecarpa) showed that fruits have satisfactory physical quality for 36 
commercialization purposes2 and high anthocyanin content in skin and carotenoid in pulp 37 
edible part3. 38 
 Berries contain high phenolic and anthocyanins concentrations that provide color 39 
and defense to the plant4-6, and are potent antioxidants7-11. Previous experiments for 40 
extraction optimization revealed high levels of phenolic compounds and anthocyanins in 41 
the pulp of Ceylon gooseberry12. However, to date there are no reports on the antioxidant 42 
capacity of these compounds from Ceylon gooseberry pulp and peels, and its relationship 43 
with quantified compounds. Moreover, phenolic compounds concentration is strongly 44 
correlated to climate changes8, 13. Thus, variations between years and season should be 45 
considered in sampling protocol for phenolic characterization. 46 
 The antioxidant effects of phytochemicals is due to a complex combination of 47 
mechanisms, which could include scavenge or inhibition of free radical formation, as well 48 







to evaluate antioxidant substances. Ferric reduced antioxidant power (FRAP), oxygen 50 
radical antioxidant capacity (ORAC), and scavenging capacity using stable radicals 51 
(ABTS•+) are some of the most frequently in vitro assays used  in studies of berry 52 
antioxidants8-11, 15 and other fruit sources 16, 17. Although none of these techniques is able to 53 
exactly mimic the reactions between antioxidants and free radicals in biological systems, 54 
they provide important information about possible effects of these compounds in the 55 
prevention of oxidative damage. For human health, oxidative damage is involved in the 56 
pathogenesis of some chronic degenerative diseases, as cancer and cardiovascular 57 
problems14. 58 
 Biological activity exerted by berry phytochemicals is reported in several studies, as 59 
a result of multiple mechanisms that include scavenging oxygen species, inhibiting 60 
lipoprotein peroxidation and DNA damage18. Reduction of cardiovascular disease risk was 61 
observed in an experiment with strawberry juice and overweighed human subjects19, dietary 62 
freeze-dried black raspberries powder attenuated neoplastic changes in colorectal cancer 63 
patients20, strawberry extract showed photoprotective activity in fibroblasts exposed to UV-64 
A radiation21, plum juice improved working memory in an experiment with rats showing 65 
that phenolic may exert cognitive benefits as another possible health effect22. 66 
 This study aimed to determine the antioxidant activity and characterize the 67 
anthocyanin in Dovyalis hebecarpa pulp and peels. Moreover, proximate composition of 68 
edible part was also reported for the first time. Considering that production period of this 69 







two different dates and over two years aiming to determine possible oscillations due to 71 
climate changes between seasons.  72 
 73 
MATERIAL AND METHODS 74 
Chemicals: Phenol reagent Folin-Ciocalteu, gallic acid (97.5-102.5%), cyanidin-3-75 
rutinoside (98%), 6-hydroxy-2,5,7,8-tetramethylchro-man-2-carboxylic acid (Trolox®, 76 
97%), 2,29-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS•+, 99%), 2,2'-77 
Azobis(2amidinopropane) dihydrochloride (AAPH), fluorescein disodium, and 2,4,6-78 
tripyridyl-s-triazine (TPTZ, 99%) were obtained from Sigma-Aldrich. HPLC grade 79 
acetonitrile, water, methanol, formic acid (88%), and ethyl acetate were purchased from 80 
Fisher scientific. 81 
Sample Preparation: Green (8.5 + 0.43 ºBrix) and ripened (12.6 + 1.8 ºBrix) samples 82 
were obtained from Bragança Paulista city (São Paulo, Brazil) in 2009 and 2010. Fruits 83 
were washed with water and frozen (-20˚C) before manual skin removal to minimize 84 
enzymatic degradation and juice loss. Frozen pulp fruit parts were crushed using a food 85 
processor and placed into trays to return to freezing conditions. Frozen skins and pulp were 86 
freeze-dried until the pressure was reduced to stable values lower than 22μHg (Terroni 87 
Freeze-dryer, model LS-3000E, São Carlos, Brazil). Freeze-dried samples were grounded 88 
using an analytical grinder (Qhimis, model Q298A, São Paulo, Brazil) until obtaining a 89 
visually homogenous fine powder. 90 
For nutritional analysis, the entire fruits were partially dried and powdered to increase 91 







samples reached a constant weight. All samples were packed in plastic bags stored in 93 
dissecator.  94 
Nutritional Composition and Biometric Measurements: Moisture by water loss at 105˚C 95 
and ash by total incineration at 550˚C were determined as described by AOAC methods 23. 96 
The total nitrogen content determined using Kjeldahl traditional method was used to 97 
determine protein content using a conversion factor of 6.2524. Lipids were quantified as 98 
describe by Bligh and Dyer 25 and carbohydrate, including fiber content, was calculated as 99 
the difference of total nutrients measured from 100 per cent. Using the water loss values 100 
from partial drying process, all results were expressed as g per 100g fresh weight of whole 101 
fruit.  102 
Longitudinal and transversal diameters were measured using an electronic caliper with 103 
resolution of 0.01/0.0005 mm and precision of 0.01 mm (Jomarca, São Paulo, Brazil). A 104 
total  of 20 berries from each sampling date were used for size measurements and average 105 
berry weight.  106 
Extraction Procedure: Extractions were performed using optimized conditions previously 107 
reported12. Freeze-dried powered pulp and skin samples (1g) were vigorously mixed during 108 
20 minutes with 120 ml of extraction solvent media of formic acid in water (0.35 % (v/v) of 109 
formic acid solution in 20% (v/v) of acetone in distillated water). The homogenate was 110 
filtered, the residue discarded and the filtrate collected and made up to a known volume 111 
with extraction solution described above.   112 
Total Monomeric Anthocyanins and Total Phenolic Content: Anthocyanin content was 113 







equilibrium forms obtained under highly acidic (pH 1.0) and low acid (pH 4.5) conditions. 115 
Readings were performed at 520 and 700 nm (UV-1600 spectrophotometer; Proanálise, São 116 
Paulo, Brazil). Concentration of total monomeric anthocyanins was calculated according to 117 
the following equations (1,2). Results were expressed as mg of cyanidin-3-glucoside 118 
equivalents per 100 g of fruit, using values of water loss after freeze-drying process. Values 119 
of 449.2 and 26,900 were considered as molecular weight (MW) and molar absorptivity (ε) 120 
of 1% solution of cyanidin-3-glucoside/cm, respectively. 121 
A = (A520nm– A700nm)pH 1.0– (A520nm– A700nm)pH 4.5    Equation 1 122 
Monomeric anthocyanin pigment (mg/liter) = (A ×MW ×DF ×1000)/(ε ×1) Equation 2 123 
MW: molecular weight; DF: dilution factor 124 
 125 
Total phenolic content was measured using the Folin-Ciocalteu method as described by 126 
Singleton and Rossi27 and modified by Scherer and Godoy 40. After extraction, 500 μl of 127 
diluted samples were mixed with 2.5 ml of Folin-Ciocalteu reagent previously diluted in 128 
distillated water (1:10; v/v). The reaction mixture was let stand for 5 minutes before 129 
addition of 2 ml of 7.5% of Na2CO3 solution in water. After 2 hours in the darkness, 130 
absorbance readings were taken at 760 nm (UV-1600 spectrophotometer; Proanálise, São 131 
Paulo, Brazil). Results were presented as mg of gallic acid equivalents(GAE) per 100g 132 
fresh weight (FW) sample. Water loss values after freeze-drying process were used for final 133 
calculations. The linear range obtained in this work was between 10 to 65  of gallic acid 134 
(0.010 mg/ml to 0.065 mg/ml). Linear coefficient was (r2) 0.9998+0.0003 for standard 135 







Antioxidant Measurements: Ferric reducing antioxidant power (FRAP), oxygen radical 137 
absorbing capacity (ORAC), 2,29-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 138 
(ABTS•+) cation radical decoloration assay were applied in Ceylon gooseberry extracts to 139 
evaluate possible antioxidant properties.  140 
FRAP is redox-linked colorimetric method that offer a rapid and simple way to measure 141 
antioxidant capacity of a sample. It is based on a color change from yellow to an intense 142 
blue color that is due to the reduction of iron ions in the complex formed with 143 
tripyridyltriazine (TPTZ). Method was performed as described by Benzie and Strain28. The 144 
solution containing Fe2+‒TPTZ complexes was prepared in the day of analysis and mixed 145 
with diluted samples. Readings at 593 nm (UV-1600 spectrophotometer; Proanálise, São 146 
Paulo, Brazil) were performed against a blank made with extraction solvent. A standard 147 
curve of gallic acid (linear range from 5 to 50 μg/ml, r2 0.9998 + 0.0002) and 6-hydroxy-148 
2,5,7,8-tetramethylchro-man-2-carboxylic acid (Trolox, a water-soluble vitamin E 149 
analogue, linear range from 10 to 45 ppm, r2 0.9757 + 0.0198) were used for quantification 150 
purposes.  151 
ORAC was performed as reported by Huang et al.29 with some modifications. This method 152 
is based on the capacity of an antioxidant to scavenge oxygen-radicals (ROO•) formed 153 
during the reaction. The system is composed of one indicator, fluorescein; an peroxyl 154 
radical generator, 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH); and Trolox as a 155 
control standard. All reagents were prepared in 75mM potassium phosphate buffer (pH 7.4) 156 
just before analysis. After addition of 20 μl of diluted samples, it was added 120 μl of 157 







immediately placed into micro plate reader (BMG Labtech, S/N 700-0120, Novo Star, 159 
Germany) with the following setting: incubation temperature: 37˚C; emission wavelength: 160 
520 nm; excitation wavelength: 485 nm; incubation time: 80 minutes (time for reaction 161 
completion); time between readings: 60 seconds. The area under de curve (AUC), relative 162 
fluorescence versus incubation time, was calculated as showed in Equation 3. The AUC 163 
differences between the extract and blank were taken and used for calculations. Calibration 164 
curves of concentration versus AUCstd  - AUCblank  were plotted for gallic acid (linear range 165 
from 6 to 375 μM, r2 0.9899 + 0.0026) and Trolox (linear range from 30 to 200 μM, r2 166 
0.9856 + 0.0026). 167 
AUC = 1 + f2/f1 + f3/f1 + f4/f1 + fn/f1              Equation 3 168 
f: fluorescence reading 169 
 170 
ABTS assay, commonly expressed as TEAC value, was performed as described by Re et 171 
al.30. The stable radical form, ABTS+•, is formed prior to the assay with antioxidants 172 
allowing the ABTS (2.45 mM) to react with persulfate potassium (7 mM) for 16 hours. The 173 
resulting blue/green solution was diluted until absorbance reach into values of 0.7 + 0.02 at 174 
734 nm (UV-1600 spectrophotometer; Proanálise, São Paulo, Brazil). It will be decolorized 175 
due to the reduction of ABTS+• by antioxidants. The reaction is time-scale dependent of 176 
antioxidant activity and concentration. Thus, the reaction end-time was fixed in 25 minutes, 177 
after evaluation of the absorbance decay over time for diluted extracts and standards. Gallic 178 
acid (linear range from 15 to 55 ppm, r2 0.9984 + 0.0022) and Trolox (linear range from 50 179 







The water-loss obtained after freeze-drying process was used for calculations in pulp 181 
weight basis for antioxidant measurements. 182 
Statistical Analysis: Statistica software (Statsoft® version 7.0) was used to perform 183 
statistical analysis. Analysis of variance (ANOVA) was used to evaluate the main effects of 184 
a three factor (year, sampling date, and ripening stage) experimental design under 185 
proximate composition, phytochemical quantification analysis, and total capacity assays. 186 
Tukey test with 95% of confidence interval was used for mean comparisons of a three 187 
replicate experiment (n=3).  188 
 189 
RESULTS AND DISCUSSION 190 
Proximate Composition and Berry Size: There has been a growing interest for exotic 191 
berry fruits with high antioxidant activity and possible interesting health effects. 192 
Nevertheless, macronutrients molecules content, fruit size, color, taste, and appearance are 193 
equally important for nutritional point of view and consumer’s acceptance. Based on it, 194 
berry size (transversal and longitudinal diameters), weight, and nutritional composition 195 
(moisture, ash, crude proteins, carbohydrate, and lipid content) were monitored for two 196 
years, in autumn (April) and winter (July) seasons, as quality parameters of Ceylon 197 
gooseberry fruits (Table 1).Water (84 to 87%) and carbohydrates (9 to 13%) were the major 198 
components found in samples, and crude lipids represent less than 1% of total nutrients. 199 
Ripe samples showed similar composition to previous reported values for other berries, in 200 
which moisture content ranged from 85 to 87%, crude protein and fat from 0.69 to 0.81%, 201 







No significant differences were observed between evaluated years in proximate 203 
composition and berry size. Nevertheless, fruit development seems to be influenced by 204 
season variations since values obtained for different sampling dates were different (Tukey 205 
test; p<0.05).  Ripe and unripe samples collected in July showed significant lower moisture 206 
content, diameters, and weight than in April (Table 1).  207 
Observing the climate information from a forecast database close to the sampling area 208 
(Table 2), it was possible to perceive that lower temperatures, rain incidence, and less 209 
amount of water was available in the soil during the two months before July than before 210 
April (first sampling date). Moreover, D. hebecarpa requires a great amount of water and 211 
temperatures higher than 20˚C for perfect fruit development 1. Thus metabolic changes due 212 
to the water deficit stress, could explain the lower moisture content, smaller sizes and 213 
weight observed in fruits after the dry winter season. In agreement with these results, water 214 
deficit treatment was able to significantly reduce berry size of Cabernet Sauvignon 215 
grapewines32. 216 
Total soluble phenolic compounds (PHC) and anthocyanins (ACY): Considering that 217 
Ceylon gooseberry pulp is the edible part of the fruit, and the consumption of entire berry 218 
will be unpleasant due to the skin velvety texture, it was made the determination of 219 
antioxidant substances separately (Table 3 and 4, respectively). Values were significantly 220 
higher in skin than in pulp samples which are in agreement with previous reported values 221 
for other fruits samples. Red-pulp plum cultivars showed anthocyanins and total phenolic 222 
content almost 3 times greater in the skin (872 mg cyanidin-3-glucoside equivalent/ 100g 223 







pulp (87 mg of cyanidin-3-glucoside/100 g fresh weight and 430 mg of chlorogenic acid 225 
equivalent /100g fresh weight)33. Lee and Wrolstad34 had similar results with blueberries 226 
(Vaccinium corymbosum, cv. Rubel) with more anthocyanins and total phenolics in the skin 227 
(993.8 mg of cyanidin-3-glucoside equivalents/100 g; 1583.8 mg GAE/100 g) than in the 228 
pulp (7.9 mg cyanidin-3-glucoside equivalents/100 g; 160.4 mg GAE/100 g). 229 
Due to the great amount of phytochemicals determined in skin samples, higher than some 230 
purple grape cultivars (335 mg of GAE/100g FW and 132.1 cyanidin-3-glucoside/100g 231 
FW35), it could be consider a by-product with high potential for industrial extractions 232 
aiming the development of food colorants or even for pharmaceutical uses. 233 
The comparison of pulp content values with other fruit edible parts should consider the 234 
presence or absence of skin in the sampling protocol, since measurements were not 235 
performed in the entire berry in this work. Attempting to it, reported values for mature pulp 236 
samples showed similar phenolic concentration to values reported for whole raspberries 237 
(129 to 184.6 mg GAE/100g of FW and 58.3 to 88.4 mg of cyanidin-3-glucoside 238 
equivalents/100 g FW) analyzed over six years13. Pantelidis and others9 in a work with 239 
antioxidants from Mediterranean small red fruits, showed values for anthocyanin content in 240 
different cultivars of entire raspberries (1.3 to 49.1 mg of cyanidin-3-gluoside 241 
equivalents/100g FW), red currants (1.4 to 7.8 mg/100g FW), and gooseberries (2.4 to 43.3 242 
mg/100g FW) that were lower or almost equal to the concentration achieved for Ceylon 243 
gooseberry pulp part (48.9 to 69 mg/ 100g FW). Based on it, Ceylon gooseberry pulp part 244 
could be consider a rich source of anthocyanins being comparable to other berries 245 







No differences were observed throughout years (p>0.05) in compounds concentration. 247 
However, ANOVA revealed a significant effect between sampling dates which could be 248 
explained by climate changes between seasons in the crop production area. Anthocyanins 249 
had statistically different concentration, with higher values in July for pulp and in April for 250 
skin. As mentioned before, D. hebecarpa requires a moist soil and temperatures higher than 251 
20˚C for perfect fruit development1. Considering climate information available for this 252 
region (Table 2), July months are recognized as a dry winter season that could submit plant 253 
to a situation of water stress and chilling accumulation. As a defense mechanism to this 254 
situation, plant metabolism could lead to anthocyanins accumulation is pulp parts. The 255 
defense mechanism hypothesis could explain the higher concentration of these compounds 256 
in skins after summer (April samples), since anthocyanins can act as a barrier against UV 257 
radiation5. Total phenolic compounds did not change between sampling dates in skin 258 
samples (p=0.8623). Nonetheless, in pulp fruit part, it showed the same behavior observed 259 
for anthocyanin content. 260 
As reported before sunlight exposure36 and water deficit37 has a significant effect on 261 
phenolics of skin grape berries from Vitis vinifera species. To a limited extension, the 262 
concentration of anthocyanins and phenolic compounds from Cabernet Sauvignon and 263 
Grenache grape cluster showed a linear behavior with the increase of sunlight exposure. 264 
Furthermore, water deficit is able to alter the concentration of phenolic compounds in 265 
grapes (Vitis vinifera cv Shiraz) by reduction of berry size which increases the proportion 266 
of skin to mesocarp fruit part (pulp) or by direct action on biosynthesis which could be 267 
negative or positive for distinct phenolic classes. Higher phenolic content due to the 268 







hebecarpa fruits, since results were not determined in entire berry, but in each part 270 
separately. However, it could be an expected result since a reduction in berry size diameters 271 
(Table 1) was observed in July samples, period in which less water was available to the 272 
plant (Table 2). 273 
AOC Measured by Three Different Assays: ABTS scavenger capacity, FRAP, and 274 
ORAC values are reported for pulp sample part (Table 3) and for skins (Table 4). As 275 
already discussed, antioxidant effect is a result of multiple reactions that will retard or 276 
inhibit the formation of free radicals and the development of oxidative damage. Aiming to 277 
compare different possible mechanisms, three different methods were performed using the 278 
same standards for quantification by equivalence. At this way, it will be possible to 279 
compare methodologies and have a more complete picture of possible protection effects of 280 
Ceylon gooseberry phenolic compounds against oxidation. 281 
ORAC assay resulted in the highest values obtained among the tested methodologies for 282 
pulp and skin samples in both ripening stages (Table 3 and 4). Thus, it possible means that 283 
Ceylon gooseberry antioxidants can act stronger as scavenger of peroxyl radicals than just 284 
by electron transfer or scavenge of a pre-formed ABTS cation-radical. In a same sampling 285 
date, ripe samples had higher antioxidant activities than unripe ones, which is in agreement 286 
with the evaluated total phenolic content. At the same way, skin samples had the strongest 287 
antioxidant activity in all tested assays when compared to pulp fruit part.  288 
As observed for anthocyanins and phenolic compounds, no significant differences were 289 
observed in antioxidant activity between analyzed years for all tested assays. However, 290 







were affected by sampling dates in pulp samples. The antioxidant capacity had the same 292 
oscillation behavior to the measured antioxidant substances whit highest values in July, for 293 
pulp samples. 294 
For skin samples, only ABTS values significantly changed between April and July (p = 295 
0.021). Since, ABTS in mature skin samples followed the oscillations in the anthocyanin 296 
content showing a significant difference between the two sampling dates, it is possible that 297 
the scavenge activity against ABTS•+ is due to the presence of anthocyanins. Antioxidant 298 
activity, measured by FRAP and ORAC, in skin samples did not change between sampling 299 
dates as well as the total content of phenolic compounds. It could be an evidence that in 300 
high concentration, as observed in skins, oscillation in antioxidant capacity by FRAP and 301 
ORAC seems to be more linked to the total set of phenolic compounds or other class of 302 
phenolics than not anthocyanins.  303 
Comparing literature data from other berries, it is possible to perceive that the D. hebecarpa 304 
mature edible part has a comparable antioxidant capacity to cherries (5.48 μmol TE/g FW) 305 
and plum cultivars (5.22 to 7.23 μmol TE/g FW) by ABTS assay16; and higher than 306 
blueberries (28.9 μmol TE/g FW) and cranberries (18.5 μmol TE/g FW) by ORAC assay15. 307 
Moyer et al.10 published antioxidant capacity from 107 genotypes of dark-purple small 308 
fruits from Vaccinium, Rubus and Ribes species in which more than 60% of all samples 309 
showed ORAC values similar to mature pulp fruit part of D. hebecarpa. Moreover, the 310 
studied mature edible fruit part has ORAC values similar or greater than all results 311 







Skin fruit part has a highest antioxidant activity than published values for blueberries skin 313 
(94.9 μmol TE/g FW) by ORAC assay and smaller by FRAP assay (151.3 μmol TE/g 314 
FW)34. Comparing with skins from bronze and purple grape cultivars (11.1 to 14.9 μmol 315 
TE/g FW)35, Ceylon gooseberry skins showed  a stronger antioxidants capacity by ABTS 316 
assay. 317 
Table 5 shows the correlation coefficients between the total content of phenolics, 318 
anthocyanins and the antioxidant activity by the three methodologies studied. Since 319 
phenolic content in skin and pulp fruit part are strongly different, analyzes of correlation 320 
were performed separately. Significant correlations were found between total 321 
phenolics/anthocyanins and antioxidant capacity by FRAP and ORAC for pulp samples, 322 
and by ABTS and FRAP for skin samples. Differences in individual composition and 323 
concentration can be the explanation for the distinct behavior between skin and pulp 324 
samples. 325 
Except for ABTS in skin samples that has a high correlation with anthocyanins (r2 0.91, 326 
p=2.6 × 10-5), the correlation coefficients were higher with total content of phenolic 327 
compounds than with anthocyanins which is in agreement with other reports in the 328 
literature in raspberries13. In this case, raspberries are a rich source of ellagitanins, another 329 
set of phenolic compounds, which possibly were stronger antioxidants. The highest 330 
correlation of ABTS values with anthocyanins is a evidence that this compounds are 331 
enrolled in the antioxidant mechanism of this assay. As previously discussed, one possible 332 







compounds has increased together with anthocyanins, and probably, exert some 334 
antagonistic effect. 335 
At the same way that was observed higher correlation between antioxidant activity and 336 
anthocyanin/phenolic compounds in Ceylon gooseberry, a similar behavior for other fruits 337 
and berries is reported in the literature data10, 11, 17, 38. 338 
In summary, Ceylon gooseberry is a rich source of phenolic compounds in which 29 and 339 
55% of total are anthocyanins in pulp and skin samples, respectively. Moreover, it has a 340 
strong antioxidant activity higher than reported values for other sources of anthocyanins. 341 
Phenolic concentration, anthocyanin content, and antioxidant activity were significantly 342 
influenced by climate changes between seasons. 343 
 344 
ABBREVIATIONS USED 345 
AAPH: 2,2'-Azobis(2amidinopropane) dihydrochloride. 346 
ABTS: 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid). 347 
AOA: Antioxidant activity. 348 
FRAP: Ferric Reduced Antioxidant Power. 349 
FW: fresh weight. 350 
ORAC: Oxygen Radical Absorbance Capacity. 351 
SEM: Standard error of mean. 352 







Trolox: 6-hydroxy-2,5,7,8-tetramethylchro-man-2-carboxylic acid. 354 
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Table 1: Proximate composition of D. hebecarpa entire fresh fruits. 
 







Ripe         
April 87.07+0.29 0.36+0.02 0.88+0.04 11.17+0.27 0.53+0.02 21.41+0.27 23.87+0.3 6.88+0.09 
July 84.44+0.22* 0.38+0.02 0.98+0.03 13.81+0.24* 0.39+0.02 18.82+0.36* 20.53+0.45* 4.52+0.88* 
Unripe         
April 88.93+0.05 0.37+0.01 0.98+0.01 9.22+0.07 0.50+0.03 17.62+0.38 19.47+0.40 3.74+0.84 
July 86.28+0.40* 0.40+0.01* 1.08+0.05* 11.71+0.39* 0.54+0.04 15.62+0.31* 17.85+0.30* 2.81+0.69 
Results are mean + SEM (n=6 for moisture, protein, lipids, and carbohydrate levels, and n=40 for transversal, longitudinal diameters, and berry weight) 

























April3 23.5 13.5 504.0 72 96 63 
July4 19.7 4.2 202.5 68.2 95 57 
Table shows data from CPTEC forecast centerfor Campos do Jordão city (Köppen climate classification as highland 
tropical climate with dry winters seasons); available at http://www.agritempo.gov.br/agroclima/pesquisaWeb?uf=SP 
(accessed date: 11/26/2012). 1Diary soil water availability.  2 Air moisture percentage.  3Period average data from 








Table 3: Total Phenolic Compounds (PHC), Total Anthocyanins content (ACY), and antioxidant activity by Scavenger capacity of  






TEAC - ABTS FRAP ORAC 
Sampling 
date 
mg GAE/ 100g 
FW 
mg Cy-3-













Ripe          
April 194.57 + 6.09b 48.94 + 2.11b 0.25 4.90 +0.16a 7.07 +0.26a 10.65+0.31b 7.88 +0.22b 35.94 +0.53c 35.24+0.38c 
July 239.08 + 5.87a 69.00 + 5.45a 0.29 3.94 +0.22a 5.78 + 1.05a 13.79+0.53a 10.26 +0.41a 51.85 + 1.03a 50.06+0.92a 
Unripe          
April 118.94 + 2.82c   2.44 +0.08b 4.01 +0.62b 4.90+0.05d 3.69 +0.08d 28.80 + 1.07d 28.47+0.89d 
July 183.49 + 5.37b   4.06 +0.53a 5.21+0.75a 6.96+0.30c 5.21 +0.24c 46.20+ 1.82b 44.19 + 1.66b 









Table 4: Total Phenolic Compounds (PHC), Total Anthocyanins content (ACY), and antioxidant activity by Scavenger capacity of 
ABTS•+(ABTS), Ferric Reduced Antioxidant Power (FRAP), and Oxygen Radical Antioxidant Capacity (ORAC) assays of D. hebecarpa skin 
samples. 
 
PHC ACY ACY/ 
PHC 




100 g FW 
mg Cy-3-











μmol TE/g  
FW 
Ripe          
April 597.78 + 22.89a 350.49 + 11.46a 0.59 15.21 +0.83a 25.24+ 1.14a 44.27+1.35a 32.73+0.80a 162.20 + 13.7 154.22+ 11.73 
July 555.25 + 19.55a,b 283.88 + 11.29b 0.51 12.38 +0.51b 20.82 +0.87b 39.48+2.25a 29.70 + 1.74a 142.36 + 15.8 135.19 + 14.12 
Unripe          
April 363.05 + 12.06b   5.10 +0.35c 7.41 +0.68c 11.69+0.26b 8.44+0.12b 109.88+5.0 103.90+3.93 
July 486.63 + 33.12b   6.20+0.35c 10.08 +0.51c 17.14+0.74b 12.84 +0.58b 157.84 + 9.8 149.16+ 8.96 








Table 5: Correlation coefficients (r) of antioxidant capacity with total phenolic (PHC) and 
antocyanin (ACY) content. 
  Correlation coefficient (r) 
  ABTS FRAP ORAC 
Pulp     
 PHCa 0.56 0.91 0.82 
 ACYb -0.33* 0.87 0.68 
Skin     
 PHCa 0.80 0.81 0.39* 
 ACYb 0.91 0.67 0.17* 
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 Phenolic compounds is a large group of phytochemicals widespread in nature as 12 
secondary metabolites with important role in plant survival and with recognized health 13 
promoting properties in human nutrition. Ceylon gooseberry (Dovyalis hebecarpa) is a 14 
deep-purple berry native from Asia and produced in Brazil as an exotic fruits with great 15 
market potential. No previous reports were found in literature about anthocyanin and other 16 
phenolic compounds identification. Thus, this work characterized and quantified major 17 
phenolic compounds, mainly anthocyanins, in D. hebecarpa by HPLC-PDA-ESI/MS in 18 
pulp and skin fruit part over two years.  D. hebecarpa is a rich source of non-acylated 19 
derivatives of delphinidin and cyanidin, with rutinose as the major glycosidic substitution.  20 
No differences were observed between anthocyanin profile of skin and pulp fruit part, but 21 
highest concentration were found in fruit epicarp. Significant changes were observed 22 
between sampling dates (p<0.05) in anthocyanin profile quantification, mainly in 23 
delphinidin-3-rutinoside as a result of season variation. Other minor phenolic compounds 24 
were analyzed and major of them were classified as hydroxybenzoic acid derivatives. Key-25 














Phenolic compounds are secondary metabolites formed in normal metabolism of plant 28 
tissues that, even not essential, plays important role in fruit development and survival. Most 29 
of them can act as stronger antioxidants, signaling molecules, and other recently proposed 30 
mechanisms to explain important health promoting properties to human healtht1-3. 31 
Accordingly, there is a increased interest in chemical elucidation and quantification of these 32 
compounds in common consumed fruits and vegetables4-7 and in other still unknown 33 
sources8-10.  34 
Berry fruits are recognized as rich sources of these beneficial compounds. Among them, 35 
anthocyanins are the major phenolic class being responsible for the strong red-to-purple 36 
color and high acceptance of these fruits. Moreover, significant amount tannins and 37 
phenolic acids are also reported as frequent phenolic compounds in berries 11.  38 
The knowledge of fruit phenolic composition, concentration, and possible oscillation due to 39 
environmental variations is crucial for assignment of phytochemicals sources, for quality 40 
cropping purposes, or even for supporting future studies on biological properties or 41 
development of industrial applications. 42 
Ceylon gooseberry is a deep red-to-purple berry originally from Sri Lanka (Asia)12 that is 43 
being produced with satisfactory yields in Brazil southwest. Pulp and Skin were recently 44 
reported as rich sources of phenolic compounds and anthocyanin with high antioxidant 45 
activity13. However, up to date there are no reports about phenolic profile composition of 46 







Thus, the purpose of the current study was to characterize major phenolic compounds in 48 
Ceylon gooseberry pulp and skin over two years by HPLC-PDA-ESI/MS. Anthocyanins 49 
were quantified in distinct sampling dates aiming to evaluate possible oscillation in 50 
anthocyanin content due to climate changes.   51 
 52 
MATERIAL AND METHODS 53 
Reagents and materials: Optima LCMS grade acetonitrile, methanol, water, formic acid 54 
(88%), ACS grade acetone, sodium hydroxide, hydrochloric acid, as well as 0.22 μm GE 55 
Magna nylon membrane filter were obtained from Fisher Scientific. Catechin (98%) was 56 
purchased from Sigma Aldrich. Sep-Pak® C-18 cartridges (6cc, 500 mg) were obtained 57 
from Waters corporation. Standards of caffeic acid (99.7%), chlorogenic acid (99.25%), 58 
ellagic acid (99.9%), gallic acid (98%), p-coumaric acid  (98%), protocatechuic acid 59 
(99.9%), rutin (95%), syringic acid (99.5%), and vanillic acid (97.9%)  were obtained from 60 
MP Biochemicals, (+)-catechin hidrate (98%), epigallocatechin gallate (97%), and 61 
quercetin dihydrated (98%) from Sigma-Aldrich. 4-hydroxybenzoic (99%) from Acros 62 
Organics (Geel, Belgium). Purification steps were performed using solid phase extraction 63 
cartridges (SPE Sep-pak® C18, 6 mL, 1  g  sorbent;  Waters). All samples were filtered 64 
through 13-mm 0.22-μm polypropylene filters (Fisher Scientific) prior to HPLC analysis. 65 
Equipment: Samples were analyzed using a HPLC equipped with LC-20AD pumps, SIL-66 
20AC auto sampler, and a CTA-20A Column Oven coupled to a LCMS-2010, SPD-M20A 67 
Photodiode Array, and Mass Spectrometer detectors (Shimadzu). LCMS Solution Software 68 







quadrupole ion-tunnel mass spectrometer equipped with electrospray ionization (ESI) 70 
interface. A Terroni Freeze-dryer, model LS-3000E (São Paulo, Brazil) and an analytical 71 
grinder (model Q298A, Qhimis, São Paulo, Brazil) were used for sample preparation. 72 
Sample Preparation: Green (8.5 + 0.43 ºBrix) and ripened (12.6 + 1.8 ºBrix) samples 73 
were obtained from Bragança Paulista city (São Paulo, Brazil) in 2009 and 2010. Fruits 74 
were sanitized with water and frozen (-20˚C) before manual skin removal by hand to 75 
minimize enzymatic degradation and juice loss. Frozen pulp fruit parts were crushed using 76 
a food processor and placed into trays to return to freezing conditions. Frozen skins and 77 
pulp were freeze-dried until the pressure was reduced to stable values lower than 22 μHg. 78 
Freeze-dried samples were grounded to obtain a visually homogenous fine powder. 79 
Extraction and SPE-C18 Purification Procedure: Extractions were performed as 80 
previously reported14. Pulp and skin freeze-dried powdered samples were vigorously mixed 81 
with extraction solvent media in a proportion of 1:120 (w/v), during 20 minutes.  Extraction 82 
solvent was composed of 0.35 % v/v of formic acid solution n 20% v/v of acetone in 83 
distillated water. The homogenate was filtered, residue discarded, and slurry concentrated 84 
in rotary evaporator (35˚C + 2˚C) for acetone removal. Final extract was made up to a 85 
know volume with 35% (v/v) formic acid solution in distillated water.  86 
Previously to identification analysis, crude extracts were purified to obtain one fraction 87 
mainly with anthocyanins and another with other phenolic compounds. Purification was 88 
performed as described by Rodriguez-Saona and Wrolstad15 with some modifications. 89 
Water-based crude extracts (4 ml) with 0.35% (v/v) of formic acid were load into C-18 SPE 90 







water (0.35% v/v formic acid). Retained compounds were washed with 8 ml of formic acid 92 
solution (0.35% v/v). Less polar phenolic compounds were eluted using ethyl acetate (8 ml) 93 
and anthocyanins were recovered with 8 ml of acidified methanol (0.35% formic acid). 94 
Ethyl acetate fraction was dried under nitrogen and made up to a known volume with 20% 95 
methanol in water (2 ml). After methanol removal in rotary evaporator (38+2˚C), 96 
anthocyanin fraction was made up to a known volume (2 ml) with acidic water (0.35% 97 
formic acid v/v). All samples were filtered through 13-mm 0.22 μm GE Magna nylon 98 
membrane filter prior to HPLC analysis. 99 
Acid hydrolysis of anthocyanins: Purified fraction of anthocyanins were hydrolyzed with 100 
HCl 3 M  in a proportion of 1:10 v/v sample to acid solution. It was performed over 45 101 
minutes at 100˚C in a screw-cap test tube wrapped with aluminum foil, and then cooled in 102 
an ice bath16. The hydrolysates were load in C-18 SPE cartridge previously conditioned 103 
with water (2 ml). Retained compounds were washed with 4 volumes of water (HPLC-MS 104 
grade) and eluted with pure methanol. Methanol was removed in rotary evaporator 105 
(38+2˚C) and the remaining fraction made up to a known volume with acidic water (0.35% 106 
formic acid v/v). Prior to injection, the final solution was filtered through a 0.22 μm GE 107 
Magna nylon membrane filter. 108 
Acid and Alkaline hydrolysis of non-anthocyanin phenolic compounds: Hydrolysis 109 
were performed as reported by Ayaz et al.17 in the ethyl acetate purified fraction obtained 110 
after purification procedure using C-18 SPE cartridges. The ethyl acetate dried fraction 111 
obtained from 4 ml of crude extract was recovery from bottom flask using methanol 20% in 112 







minutes, it was mixed with 5 ml of HCl 6M and sealed under a N2 atmosphere. After 1 hour 114 
in boiling water bath, the reaction mixture was immediately cooled (ice bath/15 minutes) 115 
and submitted to a clean-up procedure into C-18 SPE cartridges prior to HPLC-PDA-MS 116 
analysis. 117 
For alkaline hydrolysis, 1 ml of NaOH 4M was mixed to ethyl acetate dried fraction 118 
previously diluted in 20% of methanol in water up to 1ml of final volume. The mixture was 119 
sealed under a N2 atmosphere and saponificated for 4 hours in the darkness. Reaction was 120 
stopped with 6 M HCl and submitted to a clean-up SPE C18 procedure prior to HPLC-121 
PDA-MS analysis.  122 
Fractions after acid and alkaline hydrolyses were load in C-18 SPE cartridge previously 123 
conditioned with water. Retained compounds were washed with 4 volumes of HPLC-MS 124 
water and eluted with pure methanol. Fractions in methanol were concentrated under 125 
nitrogen, recovered with water until remained 20% of methanol in the final solution, and 126 
filtered through a 0.22 μm GE Magna nylon membrane filter prior to injection. 127 
HPLC-PDA-ESI/MS analysis: Whole extract, purified fractions, and hydrolysates were 128 
analyzed using a high-performance liquid chromatography (HPLC) (Shimadzu). A reverse 129 
phase Symmetry C-18 column (4.6 x 150 mm; 3.5-μm particle size; Waters Corp. Mass. 130 
U.S.A.) was connected to a guard column (4.6×22 mm. Symmetry 2 micro; Waters Corp. 131 
Mass.. U.S.A.). Solvents and samples were filtered through a 0.22 μm GE Magna nylon 132 
membrane filter (Fisher Scientific).  133 
Mobile phases consisting of 5% (v/v) formic acid in water (solvent A) and 100% 134 







gradient from 5% to 20% B, in 30 min, 20% of B was kept until 32 minutes. At the end of 136 
the gradient, the column was washed increasing to 100% B, keeping it for 5 minutes, and 137 
equilibrated to initial conditions for 5 min.  138 
For other phenolic compounds than not anthocyanins, 10% of methanol in acidified water 139 
(0.1% of formic acid) was used as mobile phase A and pure acetonitrile as mobile phase B. 140 
Separation was obtained using a isocratic condition (2% mobile phase B) during the initial 141 
15 minutes, from 15 to 65 minutes, an linear gradiente from 2 to 40% of mobile phase B, 142 
40% was kept for more 3 minutes. At the end of the gradient, the column was washed 143 
increasing to 100% B, keeping it for 5 minutes, and equilibrated to initial conditions for 5 144 
min. 145 
The flow rate was 0.8 mL/min and the injection volume was 25 μL and 100 μL for 146 
anthocyanins and other phenolic compounds, respectively. Spectral data were collected 147 
from 250 to 700 nm. Flow rate was diverted to the mass spectrometer.  148 
Mass spectrometry analysis was conducted on a quadrupole ion-tunnel mass spectrometer 149 
equipped with electrospray ionization (ESI) interface (Shimadzu). Mass spectrometric 150 
analysis was performed under positive ion mode for anthocyanins and negative ion mode 151 
for other phenolic compounds fraction. It was used the following settings: nebulizing gas 152 
flow, 1.5 L/min; interface bias, +/-4.50 kV; block temperature, 200˚C; focus lens,−2.5 V; 153 
entrance lens,−50 V; pre-rod bias,−3.6 V; main-rod bias,−3.5 V; detector voltage, 1.5 kV; 154 
scan speed, 2000 amu/s. Full scan total ion monitoring (TIC) was performed with a mass 155 
range from 100 to 1000 m/z and selective ion monitoring (SIM) was used to search for the 156 







All compounds were identified based on PDA spectra characteristics, elution order, and 158 
mass spectra data. Chromatograms were obtained in 280 nm for hydroxybenzoates and 159 
flavan-3-ols (proanthocyanins), 320 nm for hydroxycinnamates, and 360 nm for flavonol 160 
derivatives. Quantification of anthocyanins was achieved throughout calibration curves 161 
with cyanidin 3-O-rutinoside standard (linear ranges from 0.5 to 250 μg/ml) at 520 nm. 162 
Preparation of Standards: Standard solution, containing 13 target compounds, was 163 
prepared mixing 100 μl of each stock solution at 1000 μg/ml in methanol. The resulting 164 
pool of standards (1300 μl) was mixed with water (5200 μl) to reach in a concentration of 165 
20% of methanol in water in the final solution.  166 
 167 
RESULTS AND DISCUSSION 168 
Identification of major anthocyanins: Chromatography and spectral characteristics 169 
(Table 1) were used for anthocyanins identification, in addition to acid hydrolysis products 170 
and comparison with retention times of anthocyanins from in-house berry extracts. Figure 1 171 
shows the obtained chromatogram for D. hebecarpa with 7 tentatively identified from 10 172 
detected peaks. The two major ones correspond to more than 80% of the total area and were 173 
assigned as delphinidin-3-rutinoside and cyanidin-3-rutinoside. 174 
The MS in-source fragmentation clearly showed fragments that correspond to delphinidin 175 
for the two earlier eluted compounds followed by cyanindin, for the next two ones, 176 
petunidin, peonidin, and malvidin aglycones for three last peaks. Moreover, the elution 177 
order in C-18 column is in agreement with the structural and chemical characteristics of 178 







earlier than methoxylated ones (malvidin). Acid hydrolysis showed clear peaks of 180 
delphinidin (16.4 min), cyanidin (20.97 min), and petunidin (22.6 min.). Other two minor 181 
peaks were detected (25.02 and 26.95 minutes), however due to the low concentration no 182 
clear UV-visible and mass spectra was obtained (Figure 3).  183 
The delphinidin-3-glucoside (peak 1, Figure 1) had a molecular ion at m/z 465 and a 184 
detected fragment at m/z 303 which correspond to a loss of a hexose moiety, assumed as  185 
glucose due to the abundance of this hexose linked to anthocyanins in nature. Same 186 
fragmentation behavior was found for peak 3 in which it was detected the same loss of 187 
162u. The mass spectra of delphinidin-3-rutinoside, cyanidin-3-rutinoside, petunidin-3-188 
rutinoside, peonidin-3-rutinoside, and malvidin-3-rutinoside showed peaks at the molecular 189 
weight of each compound (Table 1), and a fragment loss of m/z 308. It was assumed as 190 
rutinoside since UV-visible spectrum showed no absorption band at 310-320 nm range for 191 
peaks 1-7, a strong evidence of absence of acylations with aromatic organic acids in the 192 
molecular structure of this anthocyanins. Moreover, even rutinose being a disaccharide, it is 193 
expected a longer retention time than 3-glucosides derivatives due to a specific structural 194 
characteristic of rhamanose that increases non-polarity of the molecule18. 195 
Aiming to confirm the identification, the observed retention times for Ceylon gooseberry 196 
anthocyanins were compared to cherry, concord grape, and strawberry anthocyanins. Berry 197 
anthocyanins from in-house extracts were identified based on elution order, UV-Visible 198 
spectrum, MS data, and comparison with previous report in the literature. Anthocyanin 199 
profiles from all of them were in agreement with previous report of Wu and Prior7. Thus, 200 







named as cyanidin-3-rutinoside, cyanidin-3-glucoside, and peonidin-3-rutinoside with 202 
retention times that match with anthocyanins in D. hebecarpa chromatograms. 203 
Concord grape showed more than 20 detected peaks; however, just peaks between 5 and 30 204 
minutes were identified and used for comparison purposes. Therefore, delphinidin and 205 
cyanidin glucosides were detected in concord grape with similar retention times than in the 206 
first and third peaks of D. hebecarpa, supporting the proposed identification. Moreover, 207 
malvidin-3-glucoside and petunidin-3-glucoside were detected in concord grape eluting just 208 
before retention times of rutinoside derivatives in D. hebecarpa. This evidence corroborate 209 
to the tentatively identification of peak 5 and 8 (Table 1 and Figure 1). 210 
Three anthocyanins were identified in strawberry extract in which just cyanidin-3-glucoside 211 
matched with peak 3 (Table1 and Figure 1) in Ceylon gooseberry chromatogram. There 212 
were no detected peaks in D. hebecarpa with the same retention times as pelargonidin-3-213 
glucoside and pelargonidin-3-rutinoside detected in strawberry extract. It possibly indicates 214 
the absence of these compounds or the presence in concentrations not able to be detected by 215 
the method. 216 
Similar chromatogram profile was published for peels of a hybrid of this specie (D. 217 
hebecarpa and D. abyssinica) with the same elution order and major compounds being 218 
delphinidin and cyanidin linked to rutinoside disaccharide19. In this work the MSn spectrum 219 
allowed to detect fragments from disaccharide linkage between the sugar moieties, glucose 220 
and rhamanose, due to free rotation and more accessibility to the gas. In this work, 221 
fragmentation was obtained during ionization process (in source fragmentation) which does 222 







rutinoside mass spectra is possible to perceive a small peak in m/z 463 that could 224 
correspond to 1,6-glucosyl linkage and loss of deoxyhexose moiety (146 u). 225 
Peaks 7, 9, and 10 were not identified since MS spectra did not showed a logical 226 
fragmentation pattern or UV-Visible spectrum did not match with aglycon identification. 227 
However, MS fragments and PDA information obtained for peak 7 strongly indicate a 228 
presence of a delphinidin derivative since the λ maximum value is similar to values 229 
obtained for delphinidin-3-glucoside and delphinidin-3-rutinoside. Moreover, one possible 230 
structure to this compound could be delphinidin-3-(6"-coumaroyl)glucoside, in which ion 231 
fragment 633 m/z is a sodium adduct of this compound. Nevertheless, it was not detected a 232 
band at 310-320 nm in PDA spectra characteristic from acylation.  233 
Ceylon gooseberry anthocyanin profile was very similar to black currant pigments reported 234 
by Fløytlog and coworkers20, in which 3-rutinoside derivatives of delphinidin (30.6%) and 235 
cyanidin (43.6%) were the major pigments followed by delphinidin-3-glucoside (12.9%) 236 
and cyanidin-3-glucoside (9.3%). Peonidin-3-rutinoside (1.5%) and malvidin-3-rutinoside 237 
(2.1%) were detected as minor pigments, similarly to D. hebecarpa with malvidin-3-238 
rutinoside as one of minor compounds detected. Another recently publication for black 239 
currants confirmed previous data and identified more 5 minor anthocyanins that correspond 240 
to less than 2% of total area6.  241 
Individual quantification of anthocyanin profile of Ceylon gooseberry pulp an skin 242 
fruit part: Profile and quantification of anthocyanins in pulp versus skin fruit part over two 243 
years is reported in Table 2. No differences were observed in the profile of anthocyanins 244 







higher in skins (534.97 and 645.55 mg of cyanidin-3-O-rutinoside/100g of FW) than in 246 
pulp (67.76 and 85.59 mg of cyanidin-3-O-rutinoside/100g of FW) fruit part. Moreover, the 247 
proportion between the concentration of delphinidin derivatives to total content of 248 
identified anthocyanins was slight higher in skin (0.13 and 0.62) samples than in pulp fruit 249 
part (0.11 and 0.54). Accordingly, all other compounds in skin samples had smaller 250 
contribution to the total set o anthocyanins than observed to pulp fruit part.  251 
Analyzed years did not show differences in profile composition and content of anthocyanin 252 
compounds (p<0.05). Notwithstanding, ANOVA results revealed a significant sampling 253 
date effect on cyanidin-3-O-rutinoside and petunidin-3-O-rutinoside for pulp samples, and 254 
delphinidin-3-O-rutinoside for pulp and skin samples. In skin samples the highest values 255 
were obtained in April, and for pulp fruit part in July.  256 
As reported before, D. hebecarpa requires moisture and temperatures higher than 20˚C for 257 
perfect fruit development12. Considering climate information available for this region, May, 258 
June, and July are recognized for a dry winter season that could submit plant to a situation 259 
of water stress and chilling accumulation. As a defense mechanism to this situation, plant 260 
metabolism could led to anthocyanins accumulation is pulp parts. The defense mechanism 261 
hypothesis could explain the higher concentration of these compounds in skin after summer 262 
and earlier autumn (February, March samples), since anthocyanins can act as a barrier 263 
against UV radiation21.  264 
Profile composition, previously reported for hybrid of D. hebecarpa x D. abyssinica had 9 265 







the concentrations of each compound were from 100 to 200 times greater for D. hebecarpa 267 
than for the hybrid fruit19. 268 
Other phenolic compounds in Ceylon gooseberry pulp and skin: Analyses of skin and 269 
pulp crude extracts, previous to purification using solid-phase extraction, showed just 270 
minor peaks at 280, 320 and 360 nm being anthocyanins major phenolic compounds in this 271 
specie. However, ethyl acetate fraction obtained after SPE C-18 purification was 272 
concentrated under nitrogen and analyzed for identification of major compounds in this 273 
fraction. Figures 5 and 6 showed (poly)phenolic compound profile obtained for whole ethyl 274 
acetate fraction and after acid and alkaline hydrolysis.  275 
Both fruit parts showed a complex composition of phenolic compounds with 17 major 276 
compounds in skin and 13 in pulp samples. Retention time comparison with 12 phenolic 277 
standards (Figure 4), UV-visible spectrum, and mass spectrum did not allowed peak 278 
identification. Thus, acid and alkaline hydrolysis were performed attempting to structure 279 
linkage to obtain aglycons and non-acylated compounds.  280 
After acid hydrolysis, it was possible to simplify the chromatograms remaining 7 major 281 
peaks in pulp (Figure 5) and 5 in skin fruit part (Figure 6). None of these peaks were 282 
present in the whole extract fraction previous to hydrolysis. However, it was not obtained 283 
clear mass spectra from these peaks and it did not match with retention times from 284 
standards (Figure 4).  285 
Alkaline hydrolyses resulted in 9 major compounds from 13 of whole extract fraction in 286 
pulp samples. Peaks 3, 6, 5, 7, and 9 from saponified sample are the same as peaks 6, 8, 9, 287 







In skin samples, 11 major compounds remained after alkaline hydrolyses from 17 in whole 289 
extract fraction. Five of them remained intact after alkaline hydrolyses and it were 290 
numbered as 1, 2, 3, 7, and 8, corresponding to peaks 1, 9, 11, 15, and 16 in whole ethyl 291 
acetate extract.  292 
Peaks 6-13 in whole ethyl acetate extract from pulp sample are present in skins as well 293 
(assigned as peaks 9, and 11-17). Among them, peaks with retention time in 33.6 minutes 294 
(peaks 10 and 14 for pulp and skin, respectively) and 41.3 minutes (peaks 13 and 17 for 295 
pulp and skin, respectively) showed a high relative percentage in both fruit parts and were 296 
classified as hydroxybenzoic acid derivative and a flavanol polymer. Pulp samples showed 297 
another hydroxybenzoic acid derivative (peak 4, 11.03 minutes) as major compound 298 
(17.6% of total area) that was not found in skin fruit part. Hydroxycinnamic acid 299 
derivatives were found with higher relative percentage in skin (19.2 %) samples than in 300 
pulp fruit part (5.1%), being a minor phenolic class in these samples.  301 
In summary, even no clear structure elucidation was obtained, it was possible to classify 302 
major phenolic compounds in ethyl acetate fraction into classes as flavonol, 303 
hydroxycinnamic acid, hydroxybenzoic acid, and flavanols derivatives (Tables 3 and 4). 304 
Among them, hydrxybenzoates are the major class of phenolics found in Ceylon 305 
gooseberry fruits.  306 
A total of 10 different anthocyanins were detected and 7 of them tentatively identified, 307 
corresponding to 99.6% of the total content. D. hebecarpa is a rich source of glycosylated 308 







Moreover, higher concentration of anthocyanins was detected in skin with higher 310 
proportions of glycosylated delphinidin compounds than in pulp samples.  311 
Anthocyanins quantification showed a possible effect of season variation in a different 312 
manner for pulp and skin samples, mainly in delphinidin-3-rutinoside level. Thus, after 313 
summer season, an increased level of this compound was found in skin samples, and after 314 
months of dry and lower weather temperatures, in pulp. 315 
 316 
ABBREVIATIONS USED 317 
HPLC: High-performance Liquid Chromatography 318 
PDA: Photodiode array detection 319 
MS: Mass Spectrometry 320 
ESI: Electrospray Ionization 321 
ACS: American Chemical Society 322 
SPE: Solid Phase Extraction 323 
HCl: Hydrochloric acid 324 
NaOH: Sodium Hydroxide 325 
TIC: Total Ion Chromatography 326 
SIM: Single Ion Monitoriment 327 
UV-visible: Ultra-violet to visible wavelength 328 







FW: fresh weight 330 
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Table 1: HPLC-PDA-MS data from Ceylon gooseberry anthocyanins. 405 
Peak 
number* 
HPLC-PDA MS  
Rt (min) λmax (nm) MS+ MS2 Aglycone Anthocyanidin** 
1 11.71+0.05 275, 523 465 303 Delphinidin Delphinidin-3-glucoside 
2 12.71+0,06 275, 524 611 303 Delphinidin Delphinidin-3-rutinoside 
3 14.01+0.05 279, 516 449 287 Cyanidin Cyanidin-3-glucoside 
4 15.30+0.05 279, 516 595 287 Cyanidin Cyanidin-3-rutinoside 
5 16.85+0.04 275, 525 625 317 Petunidin Petunidin-3-rutinoside 
6 19.33+0.04 279, 522 609 301 Peonidin Peonidin-3-rutinoside 
7 19.82+0.03 274, 521 633, 493 303 Delphinidin Non identified 
8 20.41+0.06 272, 527 639 331 Malvidin Malvidin-3-rutinoside 
9 22.49+0.03 277, 517 477 287 Cyanidin Non identified 
10 26.66+0.03 270, 512 475 303 Dephinidin Non identified 







Table 2: Quantification of anthocyanins obtained from Ceylon gooseberry pulp and skin in the beggining (April) and in the end 407 
(July) of harvesting time.  408 
Peak # Tentatively Identification Anthocyanins 
Rt 
 (min) 
Concentration (mg/100g fw) 
Pulp Skin 
April July April July 
1 Delphinidin-3-O-glucoside 11.71+0.05 7.26+0.41 8.46+0.65 82.45+4.23 68.96+5.95 
2 Delphinidin-3-O-rutinoside 12.71+0,06 35.39+1.31 48.17+4,11* 403.00+22.24 324.08+27.65* 
3 Cyanidin-3-O-glucoside 14.01+0.05 4.35+0.33 4.57+0.23 31.66+1.47 24.14+9.34 
4 Cyanidin-3-O-rutinoside 15.30+0.05 14.19+0.07 16.82+1.01* 102.63+6.53 93.76+7.61 
5 Petunidin-3-O-rutinoside 16.85+0.04 3.25+0.20 3.92+0.25* 16.27+1.00 14.97+0.68 
6 Peonidin-3-O-rutinoside 19.33+0.04 1.61+0.15 1.76+0.13 4.82+0.29 4.66+0.16 
7 Malvidin-3-O-rutinoside 20.41+0.06 1.71+0.15 1.89+0.15 4.72+0.48 4.40+0.37 
Results are mean + SEM (n=6) expressed as cyanidin-3-rutinoside equivalent. *means significant difference from April samples (Tukey 409 
test, p<0.05). ACY: anthocyanin. See supporting material for UV-visible and mass spectrum figures obtained from PDA and MS detectors 410 











λmax MS (m/z)** Tentative Classification*** 
Relative % 
Pulp Skin 
       
Whole extract   
1 3.3 284 347 Hydroxybenzoic acid derivative - 7.8 
1 5.7 284 481 Hydroxybenzoic acid derivative 5.7 - 
2 7.5 216, 285 381, 153 Hydroxybenzoic acid derivative - 5.4 
2 8.5 313, 231 315 
Hydroxycinnamic acid derivative 
Caffeic acid + pentose (m/z 312) 
1.3 
- 
3 9.8 287 - 320 323, 233 Hydroxycinnamic acid derivative 1.8 - 
4 11.0 268 485 Hydroxybenzoic acid derivative 17.6 - 
3 11.4 275 ND 




5 12.7 289 485, 476, 337 Hydroxybenzoic acid derivative 7.2 - 
4 15.2 284 ND Hydroxybenzoic acid derivative - 4.4 
5 18.0 309 337 Hydroxycinnamic acid derivative - 8.9 
6 20.1 313, 212 325 
Hydroxycinnamic acid derivative 
p-coumaric acid + hexose (m/z 325) 
- 
5.7 
7 22.7 291-322 367, 475, 485 Hydroxycinnamic acid derivative - 3.5 
8 23.5 289 (330sh) 319 Hydroxybenzoic acid derivative - 4.9 
6 / 9 26.5 279 329, 431, 659 
Hydroxybenzoic acid derivative  
Vanillic acid+hexose  (m/z 329) 
3.7 2.7 
10 27.2 280  437, 489 
Hydroxybenzoic acid derivative/ 
Flavanol 
- 1.4 
7 / 11 28.8 290 481, 579 Hydroxybenzoic acid derivative 9.3 6.7 
8 / 12 30.7 354, 262 479  
Flavonol Glycosides 
Myricetin hexoside (m/z 479) 
2.8 2.1 
9 / 13 32.9 273, 225 359, 421 Hydroxybenzoic acid derivative 5.4 7.5 
10 / 
14 
 33.8 274, 230  451 Hydroxybenzoic acid derivative 28.6 25.3 
11 / 
15 
35.8  333, 267 577 Hydroxycinnamic acid derivative 1.1 1.1 
12 / 
16 
36.8  335, 266 431 Hydroxycinnamic acid derivative 2.0 1.5 
13 / 
17 
41.3 283, 223 543, 589, 1087 Flavanol polymer 13.5 9.4 
       
Acid hydrolyze fragments   
1 / 1 34.8 273, 229 ND 
Hydroxybenzoic acid derivative/ 
Flavanol 
7.0 8.7 
 Table 3: Continuation 
144 
 
2 / 2 37.0 318, 218  ND Hydroxycinnamic acid derivative 34.5 54.2 
3  38.3 301, 234 137, 713 Hydroxycinnamic acid derivative 20.7 - 
4 / 3 40.1 264, 220 ND Hydroxybenzoic acid derivative 7.5 4.3 
5 / 4 44.3 316, 220  ND Hydroxycinnamic acid derivative 6.1 11.0 
6 46.1 301, 213 293, 635 Hydroxycinnamic acid derivative 2.5 - 
7 / 5 51.0 277, 222  ND Hydroxybenzoic acid derivative 21.7 21.9 
       
Alkaline hydrolyze fragments   
1 3.25 282 337 Hydroxybenzoic acid derivative - 35.9 
1 17.96 297 ND Hydroxycinnamic acid derivative 8.1 - 
2 20.11 314 325 
Hydroxycinnamic acid derivative 
p-coumaric acid+glucose (m/z 325) 
5.9 - 
3 / 2 26.5 280 329, 659 Hydroxybenzoic acid derivative 6.6 2.5 
4 28.46 291 287 Hydroxybenzoic acid derivative 2.4  
3 28.83 297 481, 163 Hydroxycinnamic acid derivative - 19.1 
5 30.73 354, 262 ND 
Flavonol  
Myricetin hexoside (m/z 479) 1.0 
 




ND Hydroxycinnamic acid derivative - 6.5 
6 32.88 270 359 Hydroxybenzoic acid derivative 9.8 - 
7 33.68 271 263, 461, 523 Hydroxybenzoic acid derivative 38.7 - 
6 34.72 272, 224 ND 
Hydroxybenzoic acid derivative/ 
Flavonol 
- 6.5 
7 35.83 335, 266 577 Hydroxycinnamic acid derivative - 1.4 
8 36.83 337, 266 431 Hydroxycinnamic acid derivative - 3.8 
8 38.59 295 421 Hydroxybenzoic acid derivative 2.7 - 
9 40.13 264 433 Hydroxybenzoic acid derivative - 5.3 
9 41.32 283 543, 589, 1087 Flavanol polymer 24.8 - 
10 42.28 263 263, 605 Hydroxybenzoic acid derivative - 13.7 
* Numbers were assigned in accordance with figure 5 and 6, in which bold characters correspond to peaks 414 
detected in chromatograms from skin samples. ** In the case of several ions, the most abundant one is shown 415 
bolded. *** Information in italic refer to possible fragment and tentative structural identification. ND: not 416 








Figure 1: Chromatographic profile of anthocyanin from Ceylon gooseberry (Dovyalis 420 
hebecarpa) skin and pulp fruit part. (1) Delphinidin-3-O-glucoside; (2) Delphinidin-3-O-rutinoside; 421 
(3) Cyanidin-3-O-glucoside; (4) Cyanidin-3-O-rutinoside; (5) Petunidin-3-O-rutinoside; (6) Peonidin-3-O-422 
rutinoside; (7) Non-identified; (8) Malvidin-3-O-rutinoside, (9) and (10) Non-identified compound. See 423 
supporting material for spectral information of each peak from MS and PDA detectors. 424 
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Figure 2: Comparison of chromatographic profile of anthocyanins from Ceylon gooseberry 426 
anthocyanins and in-house berry extracts. (1) delphinidin-3-pentoside; (2) cyanidin-3,5-diglucoside; 427 
(3) delphinidin-3-glucoside; (4) delphinidin-3-rutinoside; (5) cyanidin-3-glucoside; (6) cyanidin-3-rutinoside; 428 
(7) petunidin-3-glucoside; (8) pelargonidin-3-glucoside; (9) petunidin-3-rutinoside; (10) pelargonidin-3-429 
rutinoside; (11) peonidin-3-glucoside; (12) peonidin-3-rutinoside; (13) malvidin-3-glucoside; (14) malvidin-430 
3-rutinoside; (15) delphinidin-3-(6"-acetoyl)glucoside; (16) delphinidin-3-(6"coumaroyl)-5-diglucoside. 431 
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  432 
Figure 3: Chromatographic profile of anthocyanidins obtained after acid hydrolysis of 433 










































Figure 4: Chromatographic profile of standards. (1) gallic acid (4.48 min); (2) protocatechuic acid 436 
(8.47 min); (3) 4-hydroxybenzoic acid (15.08 min.); (4) catechin (16.38 min); (5) chlorogenic acid (20.80 437 
min.); (6) vanilic acid (21.25 min.); (7) caffeic acid (22.34 min.); (8) syringic acid (24.31); (9) 438 
Epigallocatechin gallate (25.13 min.); (10) p-coumaric acid (28.84 min.); (11) rutin (33.14 min.); (12) 439 
quercetin (43.26 min.).  440 


































Figure 5: Chromatographic profile of phenolic compounds from Ceylon gooseberry pulp. 442 
Figures correspond to the purified fraction phenolic compounds (without anthocyanins) previously to 443 
hydrolysis (whole extract), and after each hydrolysis procedure (after acid hydrolysis and after alkaline 444 
hydrolysis). Numbers were assigned as in table 3. 445 
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Figure 6: Chromatographic profile of phenolic compounds from Ceylon gooseberry skin. 447 
Figures correspond to the purified fraction phenolic compounds (without anthocyanins) previously to 448 
hydrolysis (whole extract), and after each hydrolysis procedure (after acid hydrolysis and after alkaline 449 
hydrolysis). Numbers were assigned as in table 3. 450 
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Figure 1: Mass spectrum of delphinidin-3-glucoside from Ceylon gooseberry (Dovyalis 
hebecarpa) fruits.  
 
Figure 2: UV-Visible spectrum of delphinidin-3-glucoside from Ceylon gooseberry 






Figure 3: Mass spectrum of delphinidin-3-rutinoside from Ceylon gooseberry (Dovyalis 
hebecarpa) fruits.  
 
Figure 4: UV-Visible spectrum of delphinidin-3-rutinoside from Ceylon gooseberry 























Figure 5: Mass spectrum of cyanidin-3-glucoside from Ceylon gooseberry (Dovyalis 
hebecarpa) fruits. 
 







Figure 7: Mass spectrum of cyanidin-3-rutinoside from Ceylon gooseberry (Dovyalis 
hebecarpa) fruits. 
 
Figure 8: UV-Visible spectrum of cyanidin-3-rutinoside from Ceylon gooseberry 






Figure 9: Mass spectrum of petunidin-3-rutinoside from Ceylon gooseberry (Dovyalis 
hebecarpa) fruits. 
 
Figure 10: UV-visible spectrum of petunidin-3-rutinoside from Ceylon gooseberry 






















Figure 11: Mass spectrum of peonidin-3-rutinoside from Ceylon gooseberry (Dovyalis 
hebecarpa) fruits. 
 
Figure 12: UV-Visible spectrum of peonidin-3-rutinoside from Ceylon gooseberry 






















Figure 13: Mass spectrum of malvidin-3-rutinoside from Ceylon gooseberry (Dovyalis 
hebecarpa) fruits. 
 
Figure 14: UV-Visible spectrum of malvidin-3-rutinoside from Ceylon gooseberry 


























Figure 15: Standard curve of cyanidin-3-O-rutinoside. Ranges from (A) 0.5 to 4.5 μg/ml; (B) 10 to 
90 μg/ml; and (C) from 100 to 250 μg/ml were tested. Standard curves were performed in separate days (n=3) 
and results are means of triplicates.   


























































































CAPÍTULO 5: ARTIGO CIENTIFICO  
In vivo evaluation of Ceylon gooseberry non-purified extracts on CD4+ and CD8+ T 
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In vivo evaluation of Ceylon gooseberry non-purified extracts on CD4+ and CD8+ T 1 
cell modulation in mice 2 
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Ceylon gooseberry is a rich source of phenolic compounds, mainly anthocyanins. Some 13 
recent studies reported anthocyanins as able to modulate T cell function and other 14 
important cytokines. However, it was not found information about biological functions of 15 
bioactive compounds in Ceylon gooseberry. Thus, this work evaluated the effect of a non-16 
purified water-based extract on immunological state of mice. It was measured the 17 
lymphocyte proliferative response from spleen and lymph node cell cultures using MTT, 18 
the levels of CD4+ and CD8+  T-cell by flown cytometry, and IgG blood levels by ELISA. 19 
Animals were treated with three dosages of freeze-dried CGCE (Ceylon Gooseberry Crude 20 
Extract) on basis of the total monomeric anthocyanin content (16.5, 33, and 66 μg of 21 
cyanindin-3-glucoside equivalent/animal). A possible anti-inflammatory effect was 22 
observed after treatment with CGCE in lymph node tissues. Lymph node cell cultures 23 
stimulated with ConA showed a reduction in cell proliferation in treated groups. 24 
Lymphocyte profile was altered by CGCE.  High level of CD8+ cells and a reduction in 25 
CD4/CD8 ratio in a inverse dose-dependent manner was observed in treated groups when 26 
compared to control. Even that more experiments are necessary to confirm results, this is 27 
the first evidence of anti-inflammatory effect of CGCE and it helps to support future 28 
experiments with animals using specific diseases models. Key-words: flown cytometry, 29 












 Berry fruits are recognized as rich sources phenolic compounds with remarkable 32 
antioxidant activity and important biological functions1. Anthocyanins belong to the 33 
phenolic class named as flavonoids, it is produced in large amounts during the normal 34 
metabolism of these red to purple fruits as secondary metabolites responsible color14, 15. 35 
Dovyalis hebecarpa (Salicaceae family) is a deep-purple berry fruit from Sri Lank region 36 
that is being produce in Brazil southwest as an exotic fruit. Pulp and skin showed high 37 
concentrations of phenolic compounds, in which more than 20 and 50% are anthocyanins, 38 
respectively. Antioxidant activity is as stronger as in other common consumed berries2. 39 
 It is already known the immune-regulatory function of several compounds in the 40 
diet, in which vitamins A, C, E, B6, folate, iron, zinc, and selenium are the minor nutrients 41 
and amino acids, fatty acids, and carbohydrates are the major nutrients with reported 42 
functions in the immune system. Moreover, the strong evidence that a diet rich in fruit and 43 
vegetables is linked to the reduction chronic inflammation and cancer has promote the 44 
investigation of possible immuno-modulatory effects from phytochemicals3. Recently, 45 
some studies have reported the effect of some rich phenolic sources in the modulation of 46 
immune system in animal models6, 9, 11, 12 and in humans8,10. 47 
 Freeze-dried blueberry juice was reported as able to protect hepatocytes from 48 
oxidative stress and modulate T-cell function in mice4. Anthocyanidins/anthocyanins and 49 
anthocyanin-rich extracts induced TNF-α (Tumor Necrosis Factor) production and acted as 50 
modulators of the immune response in activated macrophages5. Rowe et al.8 found that 51 
regular consumption of purple grape juice benefited immunity in health middle age human 52 






containing high amounts of anthocyanins and proanthocyanins, were able to reduce lung 54 
inflammation in animal models13. 55 
 Besides the high anthocyanin concentration on Ceylon gooseberry fruits and the 56 
remarkable antioxidant activity2, there are no reports about biological functions or the 57 
evaluation of possible modulator effect on immunological functions of crude extracts and 58 
purified compounds. Thus, this work aimed to evaluate the effects of non-purified water-59 
based extract of Ceylon gooseberry fruits in the immune response of mice. 60 
 61 
MATERIAL AND METHODS 62 
Animals: C57Black6 female mice (6-8 weeks old, weighting 20g) were provided by the 63 
Multidisciplinary Centre for biological research (CEMIB, Campinas State University - 64 
UNICAMP, São Paulo, Brazil). During the experiment, animals were kept in cages with 65 
plastic lid and metal shavings in the Genetics, Evolution and Bioagens Department 66 
(Biology Institute, UNICAMP, São Paulo, Brazil). Controlled temperature (21 + 2° C), ad 67 
libitum access to water and food, and cycle of 12 hour light: dark were the conventional 68 
conditions used. All procedures followed the standards proposed by the Brazilian 69 
Committee of Animal Protection and approved by the Committee of ethics in Animal 70 
Experimentation of UNICAMP (Protocol number 1874-1). 71 
Berry samples: Ripened Ceylon gooseberry samples (12.5ºBrix) were obtained from 72 
Bragança Paulista city (São Paulo, Brazil) in June of 2010. After collection and arrival in 73 
the laboratory, samples were immediately sanitized (4% acetic acid solution during 15 74 






Preparation of Concentrated Ceylon gooseberry crude extract (CGCE): Entire berries 76 
were crushed using a food processor (Arno, São Paulo, Brazil) mixed with Milli-Q water 77 
(1:5 w/v proportion). The homogenate was filtered, residue discarded, and filtrate frozen 78 
under liquid nitrogen prior to freezing-dryer process. Freeze-drying process was performed 79 
until reduction of pressure to stable values and lower than 22μHg (Terroni Freeze-dryer, 80 
model LS-3000E, São Paulo, Brazil). Freeze-dried powder was dissolved in Milli-Q water 81 
to a concentration of 250 mg powder/ml, in which 1.42 mg/ml (Table 1) are total 82 
monomeric anthocyanin concentration measured by pH-differential method7. Final solution 83 
was named as concentrated Ceylon gooseberry crude extract (CGCE) and storage under -84 
80˚C until animal treatment. 85 
Ceylon Gooseberry Pulp and Skim Extraction: It was performed as described by Bochi 86 
et al.17. 87 
Total Monomeric Anthocyanins: Anthocyanin content was determined using the pH-88 
differential method as described by Giusti and Wrostad7. This method is based on the 89 
anthocyanin equilibrium forms obtained under acid (pH 1.0) and basic (pH 4.5) conditions. 90 
Readings were performed at 520 and 700 nm (UV-1600 spectrophotometer; Proanálise, São 91 
Paulo, Brazil). Concentration of total monomeric anthocyanins was calculated according to 92 
the following equations (1,2). Values of 449.2 and 26,900 were considered as molecular 93 
weight (MW) and molar absorptivity (ε) of 1% solution of cyanidin-3-glucoside/cm, 94 
respectively. 95 
 A = (A520nm– A700nm)pH 1.0– (A520nm– A700nm)pH 4.5                        Equation 1 96 
Monomeric anthocyanin pigment (mg/liter) = (A ×MW ×DF ×1000)/(ε ×1) Equation 2 97 






Oxygen Radical Capacity (ORAC) assay: it was performed as reported by Huang et al.16 99 
with some modifications. All reagents were prepared in 75 mM potassium phosphate buffer 100 
(pH 7.4) just before analysis. After addition of 20 μl of diluted samples, it was added 120 μl 101 
of fluorescein (0.378 μg/ml) and 60 μl of AAPH (41.4 μg/ml) in each well. Plate was 102 
immediately placed into micro plate reader (BMG Labtech, S/N 700-0120, Novo Star, 103 
Germany) with the following setting: incubation temperature: 37˚C; emission wavelength: 104 
520 nm; excitation wavelength: 485 nm; incubation time: 80 minutes (time for reaction 105 
completion); time between readings: 60 seconds. The area under de curve (AUC), relative 106 
fluorescence versus incubation time, was calculated as showed in Equation 3. The AUC 107 
differences between the extract and blank were taken and used for calculations. Calibration 108 
curves of concentration versus AUCstd - AUCblanck were plotted for Gallic acid (linear 109 
range from 6 to 375 μM, r2 0.98 + 0.01) and Trolox (linear range from 30 to 200 μM, r2 0.98 110 
+ 0.00). 111 
AUC = 1 + f2/f1 + f3/f1 + f4/f1 + fn/f1    Equation 3 112 
f: fluorescence reading. 113 
 114 
Treatment and immunization groups: Animals were randomly divided (n=3 each) in 115 
control group that received phosphate buffered saline (PBS) solution; high, medium, and 116 
low dosages of CGCE solutions (66μg, 32μg and 16.5μg of cyanidin-3-glucoside 117 
equivalents/animal, respectively), once a day by gavage for 5 days. Concentrations were 118 
determined based on monomeric anthocyanin concentration after dilution in PBS solution. 119 
Twenty-four hours after the last dose, animals were immunized using subcutaneous 120 
injection of 100 µg of Ovalbumin (OVA) (Sigma-Aldrich-USA) previously emulsified in 121 






nodes. After one week, immunization procedure was repeated using 100 μg of OVA 123 
emulsified in Freund's Incomplete Adjuvant (IFA) (Sigma-Aldrich-USA). Euthanasia was 124 
performed after 7 days from the end of the immunization procedure. Blood, spleen and 125 
lymph nodes were removed for further analysis. 126 
Antibody (IgG) quantification: The OVA-specific IgG levels were quantified by ELISA 127 
method. It were used 100μl of 10 μg/ml of OVA solution in PBS and an overnight 128 
incubation time  at 4ºC  as conditions for protein adsorption into 96 well-plates (NUNC – 129 
“Immuno plate Maxisorp”). Serum samples were previously diluted in PBS solution (1:50 130 
to 1:800, v/v) and added (100 μl) into the wells. Plate was left to stand for one hour and 131 
washed three times with PBS solution prior to the reaction with diluted anti IgG peroxidase 132 
(1: 50.000, v/v). The readings were performed in ELISA reader at 492 nm and averages 133 
calculated. 134 
Spleen and lymph node cell culture preparation: Spleen and lymph nodes cells cultures 135 
were used for the evaluation of lymphocyte proliferative response to a non-specific 136 
mitogen. Tissues were gently squeezed and washed twice in Hanks solution. After 137 
centrifugation (10 minutes, 1500 rpm), lymph node cells were immediately re-suspended in 138 
a culture medium RPMI-1640 fortified with β Mercaptoethanol, antibiotics, and 5% heat-139 
inactivated fetal bovine serum. For spleen cells, after the first centrifugation, pellets were 140 
re-suspended in red blood cell Lysis buffer (3ml/spleen). After bleaching, the reaction was 141 
stooped with RPMI media and centrifugation for 10 minutes to 1500 rpm. Pellets were than 142 
treated as described for lymph node cells. 143 
Lymphocyte proliferative response using MTT assay: Cell suspensions (1×106 144 






OVA (20 μg/well), and incubated under 37˚C and 5% CO2 air atmosphere for 24 hours. 146 
Proliferation was measured by cell growth with MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-147 
diphenyltetrazolium bromide) colorimetric assay as described. Supernatants  were 148 
discarded and final volumes adjusted in 100μl,  then  15μl  MTT  (5  mg/ml;  Sigma,  149 
USA) was added to each well and the culture continued for 4 hours. After that, 100μl of 150 
DMSO was added to each well, and readings performed after 24 hours of incubation at 590 151 
nm.  152 
Flow cytometry for T-lymphocytes identification: Spleen and lymph nodes cell 153 
suspension were adjusted to a final concentration (10 6 cells), and marked (FITC anti-154 
mouse CD4+ and PE anti-mouse CD8+ (BD Biosciences, USA) away from light. 155 
Differentiation were measured using flow cytometry (Scalibur, BD - Biosystems) in the 156 
Cell Marker's Laboratory (Hemocentro, UNICAMP)  157 
 158 
RESULTS AND DISCUSSION 159 
 The immunological system plays the main regulatory actions in the maintenance of 160 
health status or in the development of pathological state. A complex mixture of pathways, 161 
cells, enzymes and cytokines are enrolled in the immunological response and regulation. 162 
Nevertheless, in the assessment of the immunological state after treatment with new 163 
bioactive substances, phenotypic profile of T-cell by flown cytometry and measurement of 164 
lymph proliferative response could give initial information about modulator effect on a 165 
health biological system. This initial work could be used as guidance for future research in 166 






Evaluation of serum levels of anti-OVA antibodies (IgG): Blood IgG immunoglobulin 168 
level is a marker of humoral immune state. After immunization procedures, there is a 169 
increase in IgG levels due to development of acquired immune response22. In all dosages 170 
tested, CGCE was not able to produce great changes in blood IgG levels (Figure 1). 171 
Nevertheless, there is a small reduction in OD values for groups that received medium and 172 
low dosages of CGCE (33 and 16,5 μg of cyanidin-3-glucoside equivalents/animal) which 173 
could represent an immune suppression effect at low dosages. Moreover, considering that 174 
treatment was performed in a short-time term (5 days), and longer treatments could result in 175 
anti-inflammatory effect. This hypothesis is in agreement with previous report about anti-176 
inflammatory effect of plant materials with high concentration of anthocyanins and 177 
significant antioxidant capacity 18, 19, 20, 21. 178 
Lymphocyte proliferative response: Lymphocyte proliferation response was measure 179 
using OVA as a specific stimulant and with Concanavalin a unspecific mitogen. Figure 2A 180 
and 2B shows the response of lymph node and spleen cells to OVA antigen. No differences 181 
were observed in lymph nodes (Figure 2 A) between treatments. However, for spleen 182 
tissues stimulated with OVA and ConA (Figure 2 e 3, B), lymphocyte cell proliferation 183 
response is increased in the highest dosage tested. This is an unexpected result since cell 184 
migration due to immunization should happen latter and main effects should be perceived 185 
in lymph node tissues. However, it could indicate a possible stimulatory effect of CGCE in 186 
the highest dosage tested with premature answer to the antigen in spleen tissues.  187 
 Stimulation with the mitogen (ConA) resulted in a clear reduction in cell 188 






agreement with the detected IgG blood levels and reinforces the hypothesis of anti-190 
inflammatory effect of CGCE.  191 
T-lymphocytes identification by flow cytometry: CD4+ and CD8+ differentiation pattern 192 
of lymphocyte cell cultures for lymph node and spleen tissues are shown in figures 4 e 5, 193 
respectively. In spleen tissues, it is possible to notice an increase in CD4 and CD8 levels in 194 
both dosages tested when compared to the control group. However, CD4+/CD8+ ratio 195 
showed a discreet decrease or equal values for treated groups. Values were 0.76, 0.86, and 196 
0.86 for high, low and control groups, respectively. 197 
 In lymph node cell cultures (Figure 5) there is an important increase in CD8+ levels 198 
for all groups that received CGCE. For low and medium dosages tested, CD4+ level were 199 
similar to control values. Nevertheless, in the highest dosage (66μg/animal) CD4+ level is 200 
higher than in control group. CD4+/CD8+ ratios seems to be affected by CGCE in a dose-201 
dependent manner with values of 0.78, 0.93, and 1.10 for low, medium, and high dosages, 202 
respectively. However, all groups of CGCE showed smaller of CD4+/CD8+ ratio than 203 
control group (1.57), another evidence of anti-inflammatory effect of CGCE at low 204 
dosages.  205 
 CD4+/CD8+ ratio in peripheral blood were increased in an experiment using freeze-206 
dried blueberry juice with higher dosages (0.4, 0.6 and 0.8 g/10g mice) and a longer 207 
treatment time (35 days) than used in these work4.  These differences could be due to the 208 
different experiment design applied, mainly treatment time and dosages. However, it seems 209 
that CGCE is able to modulate T lymphocyte composition as reported for blueberries, but 210 






resulting in reduction of CD4+/CD8+ . However, clinical significance will b better 212 
understood with cytokine identification. 213 
 Finally, bioactive compounds in Ceylon gooseberry water-base unpurified extract 214 
seem to have a modulator effect under the immunological state of mice challenged with 215 
OVA antigen. Reduction of cell proliferation in lymph node tissues and the increment in 216 
CD4+ and CD8 levels are first evidences of possible anti-inflammatory effect. However, 217 
more experiments are necessary to confirm this hypothesis and future works with longer-218 
term treatment and cytokine identification could provide interesting results.  219 
  220 
ABBREVIATIONS USED 221 
CD: Cluster of Identification 222 
CFA: Complete Freud's Adjuvant 223 
CGCE: Ceylon Gooseberry Extract 224 
DMSO: Dimethylsulphoxide 225 
IgG: Immunoglobulin G 226 
IFA: Incomplete Freud's Adjuvant 227 
OVA: Ovoalbumin 228 
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Table 1: Total anthocyanin concentration on Ceylon gooseberry fruits and concentrated 309 
extract. 310 
 
Total Anthocyanins 1 
Antioxidant Activity 
(ORAC)2 
Fruit pulp 70.07 + 9.9 50.73 + 31.6 
Fruit skim  283.5 + 36.9 10572.9 + 466.5 
Concentrated CGCE3  142.3 + 37.5 177.8 + 12.0 
1 Expressed as mg of cyanidin-3-glucose equivalent per 100 g of  pulp/skim and per 100 ml of concentrated 311 
extract. 2 ORAC: Oxygen Radical Absorbance Capacity; expressed as μM of TROLOX equivalent per 100 g 312 
of pulp/skim and per 100 ml of concentrated extract. 3 CGCE: Ceylon gooseberry crude extract concentrated 313 








Figure 1: OD values of IgG immunoglobulin quantification by Elisa assay of blood mice 317 
samples. Control group received saline solution and CGCE means Ceylon gooseberry crude 318 
extract, quantified based on total monomeric anthocyanin content in Cyanidin-3-gluoside 319 













































Figure 2: Lymphoproliferation assay. Proliferative response measured by MTT 322 
incorporation of lymphocytes from lymph node cell culture (A) and spleen cell culture (B) 323 
of mice treated with Ceylon gooseberry crude extract (CGCE). Cells were stimulated with 324 
specific antigen OVA. Saline solution was used in control group and dosages were 325 
determined based on total monomeric anthocyanin content in extracts, expressed as 326 
cyanidin-3-glucoside equivalent. Results are OD mean ± standard deviation of three 327 
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   330 
Figure 3: Lymphoproliferation assay. Proliferative response measured by MTT 331 
incorporation of lymphocytes from lymph node cell culture (A) and spleen cell culture (B) 332 
of mice treated with Ceylon gooseberry crude extract (CGCE). Cells were stimulated with 333 
Concanavalin A. Saline solution was used in control group and dosages were determined 334 
based on total monomeric anthocyanin content in extracts, expressed as cyanidin-3-335 







Figure 4: CD4 and CD8 T-lymphocyte identification in spleen cell culture from mice treated with Ceylon gooseberry crude 2 
extract (CGCE). Saline solution was used in control group (A) and dosages of 16.5 μg/animal (B), and 66 μg/animal (C) were 3 







Figure 5: CD4 and CD8 T-lymphocyte identification in lymph node cell culture from mice treated with Ceylon gooseberry crude 6 
extract (CGCE). Saline solution was used in control group (A) and dosages of 16.5 μg/animal (B), 32 μg/animal (C), and 66 7 
μg/animal (D) were determined based on total monomeric anthocyanin content in crude extracts, expressed as cyanidin-3-8 













 A groselha do Ceilão pode ser considerada fonte de antocianinas glicosiladas, sendo 
delfinidina-3-rutinosídeo e cianidina-3-rutinosídeo os majoritários. A ausência de acilação e 
a composição majoritária de compostos glicosilados justifica a alta afinidade dos pigmentos 
à solventes com grandes proporções de água, conforme observado nos experimentos de 
otimização da extração.  
 A casca do fruto é um subproduto com alto valor agregado, visto que possui mesmo 
perfil antociânico que a polpa, porém em concentrações significativamente superiores. 
 O uso de planejamento experimental de misturas e a metodologia de superfícies de 
respostas possibilitou a otimização do processo de extração com redução do uso de 
solventes orgânicos e aumento do rendimento de compostos extraídos. O método de 
extração foi desenvolvido para a espécie em estudo, podendo ser testado em espécies de 
características físicas e composição semelhante. A alta eficiência verificada nos 
experimentos utilizando apenas água como solvente viabiliza a aplicação do método de 
extração no desenvolvimento de pigmentos para a indústria de alimentos, por exemplo.  
 A avaliação de atividade antioxidante revelou que os compostos extraídos dessa 
espécie possuem marcada capacidade de sequestro de radicais peroxil, medido através da 
metodologia de ORAC. Além disso, os valores de ORAC foram superiores aos relatados 
para outras espécies consideradas fontes de antocianinas, como o mirtilo.  
 Finalmente, os resultados do experimento in vivo sugerem um possível efeito anti-






Porém, mais experimentos são essenciais para a comprovação desses resultados, como a 
avaliação de citocinas e estudo de tratamentos prolongados. 
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ANEXO 1 
 
